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CHAPTER  I 


INTRODUCTION 

In  today's  complex  defense  environment,  great 
emphasis  is  placed  on  the  development  and  acquisition  of 
weapon  systems  that  provide  the  most  for  each  dollar.  When 
speaking  of  weapon  systems  there  is  often  a  tendency  to 
overlook  the  importance  of  "all  the  equipment  required  on 
the  ground  to  make  a  weapon  system  .  .  .  operational  in  its 
intended  environment  [1:A2-1]."  This  equipment,  known  as 
Support  Equipment  (SE) ,  runs  the  gamut  from  low  cost  hand 

tools  to  multimillion  dollar  computer  operated  automatic 

1 

test  stations  (23:1). 

"The  development  and  acquisition  of  Support  Equip¬ 
ment  are  integral  parts  of  a  defense  system  acquisition 
program  [23:1]."  The  cost  of  SE  for  Air  Force  weapon  sys¬ 
tems  presently  ranges  from  5  percent  to  15  percent  of  the 
total  acquisition  costs  of  the  system.  The  importance 
of  SE  has  grown  so  rapidly  over  recent  years  that  the  aggre¬ 
gate  cost  of  all  SE  in  the  inventory  in  1975  approached 
$4.5  billion  and  has  increased  each  year  since.  SE  has  a 
great  influence  on  total  Operating  and  Support  (O&S)  costs 
of  the  Air  Force  defense  system  (23:1).  Due  to  inflation 
an d  technological  advancement,  the  OfcS  costs  of  maintaining 
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current  Air  Force  systems  has  grown  to  nearly  60  percent  of 
potential  expenditures  (26). 

One  of  the  fastest  growing  elements  of  SE  which 
relates  directly  to  04S  costs  is  Automatic  Test  Equipment 
(ATE) .  The  importance  of  ATE  has  expanded  to  such  a  degree 
that  it  requires  additional  management  attention.  The 
importance  is  exemplified  by  the  $600  million  projected 
development  and  acquisition  costs  of  ATE  for  the  F-16. 

This  amount  of  cost  qualifies  the  F-16  ATE  for  major  pro¬ 
gram  status  ( 25) . 

The  role  of  support  equipment  has  been  recognized 
and  numerous  policies  and  regulations  have  been  established 
for  SE  development  and  acquisition.  Even  with  this  guid¬ 
ance  several  problems  have  been  identified  with  respect  to 
evaluating  alternatives  in  new  SE  acquisition  and  in  con¬ 
trolling  the  cost  of  equipment  already  deployed  in  the 
field  (23:1).  One  specific  problem  is  that  there  is 
presently  no  proven  method  of  estimating  OfcS  costs  of  SE 
available  to  SE  managers. 

Statement  of  the  Problem 

There  is  a  need  for  a  model  to  estimate  and  measure 


Operating  and  Support  costs  for  avionics  Automatic  Test 
Equipment  that  will  be  used  in  Life  Cycle  Costing  tech¬ 
niques  applied  to  ATE  Support  Equipment  programs. 


Background  and  Justification 


The  policy  of  the  Department  of  Defense  (DOD)  in 
compliance  with  the  Armed  Services  Procurement  Act  of  1947 
is  to  procure  supplies  and  services  from  responsible  sources 
at  fair  and  reasonable  prices.  Supplies  and  services  pro¬ 
cured  under  this  policy  should  result  in  the  lowest  overall 
cost  of  ownership  to  the  government  (1:A5-1).  One  way  to 
determine  a  fair  and  reasonable  price  is  to  employ  Life 
Cycle  Costing  (LCC)  techniques  when  acquiring  new  systems 
and  equipment. 

LCC  "covers  the  entire  cost  spectrum  from  design, 
development  and  acquisition,  through  operating  and  support 
to  ultimate  equipment  salvage  126].“  LCC  began  in  the  Air 
Force  in  1968  with  the  procurement  of  nonrepairable  items 
and  progressed  in  stages  through  applications  to  major  sub¬ 
systems  to  major  weapon  systems  (26).  Today  LCC  continues 
to  expand  within  the  Air  Force.  Depending  on  the  intended 
use,  LCC  is  "a  costing  discipline,  a  procurement  technique, 
an  acquisition  consideration  and  a  trade-off  tool  [14:39]." 

In  its  use  as  a  costing  discipline,  LCC  deals  pri¬ 
marily  with  OtS  cost-estimating  methods  (14:39).  OfcS  costs, 
those  generally  associated  with  ownership,  include  the 
costs  of  operation,  maintenance,  and  general  support 
(17:1).  Since  1975  the  DOD  has  placed  increased  emphasis 
on  OtS  costs  in  order  to  reduce  total  weapon  system  costs 
(6 : ii)  . 
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One  reason  for  this  added  emphasis  is  that  O&S 
costs  of  a  system  will  probably  exceed  the  initial  cost  of 
acquisition.  Additionally,  04S  costing  has  been  deter¬ 
mined  to  be  important  in  the  areas  of  Force/Support  Pro¬ 
gram  Balance,  Weapon  Systems  Comparisons,  Historical  Cost 
Perspective,  and  Design  to  Cost  Implementation  (31:2-4). 
While  O&S  costs  have  generally  been  associated  with  com¬ 
plete  systems,  the  same  benefits  of  these  types  of  analysis 
can  be  applied  to  acquisition  below  the  system  level  such 
as  SC. 


According  to  the  Logistics  Management  Institute, 
the  Air  Force  is  procuring  SE  at  the  rate  of  $1  billion  per 
year  and  investments  in  SE  are  projected  to  increase  (25) . 
As  noted  previously,  ATE  is  becoming  a  significant  factor 
in  total  SE  costs.  ATE  is  defined  to  include  all 

Electronic  devices  capable  of  automatically  or 
semi-automatically  generating  and  independently  fur¬ 
nishing  programmed  stimuli,  measuring  selected  param¬ 
eters  of  an  electronic,  mechanical,  electro-mechanical, 
or  electro-optical  item  being  tested,  and  making  a 
comparison  to  accept  or  reject  the  measured  values  in 
accordance  with  predetermined  limits  (1:A2-2J. 

Recently,  acquisition  of  SE  has  received  high- 
level  attention  due  to  large  expenditures  in  this  area. 

The  General  Accounting  Office,  the  Inspector  General,  and 
the  Logistics  Management  Institute  have  documented  SE 
acquisition  problems  in  the  areas  of  high  cost,  untimely 
delivery,  inadequate  trade-off  analysis,  and  unrealized 
standardization  potential  (25). 
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One  of  the  earliest  attempts  to  improve  management 
of  ATE  O&S  costs  was  in  June  1971  when  the  Air  Force  Logis¬ 
tics  Cornnand  (AFLC)  directed  San  Antonio  Air  Logistics 
Center  (SA-ALC)  to  prepare  a  plan  to  identify  and  quantify 
the  cost  elements  involved  with  Air  Force  ownership  of  ATE. 
As  stated  in  its  scope,  the  model  developed  by  SA-ALC  only 
documents  costs  of  ATE  procured  by  the  Air  Force  and  is 
not  a  predictive  model  which  lends  itself  to  sensitivity 
analysis  ( 1 : 5A-1 ) . 

Presently,  the  Aeronautical  Systems  Division  SE 
System  Project  Office  indicated  that  there  is  a  need  for  an 
O&S  cost  model  which  could  "help  program  managers  forecast 
SE  requirements,  estimate  budgets  and  schedules,  and  per¬ 
form  trade-off  analysis  (25]." 

Research  Objective 

The  objective  of  this  research  was  to  develop  a 
model  to  estimate  and  measure  O&S  costs  for  avionics  ATE 
which  could  be  useful  in  LCC  techniques  applied  to  ATE 
Support  Equipment  programs. 

Research  Questions 

The  following  research  questions  were  posed  to 
guide  the  research  toward  the  stated  objective: 

1.  What  are  the  variables  that  contribute  to  the 
operating  and  support  costs  of  ATE? 
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2.  To  what  categoties  of  operating  and  support 
costs  do  these  variables  apply? 

3.  What  is  the  relationship  among  these  vari¬ 
ables  that  defines  operating  and  support  costs? 

\ 

4 .  How  sensitive  are  operating  and  support  costs 
to  changes  in  these  variables? 


CHAPTER  II 


LITERATURE  REVIEW 

A  literature  review  of  appropriate  regulations, 
manuals,  directives,  and  other  publications  was  conducted 
to  evaluate  and/or  define  the  following  areas: 

1.  Models  in  general. 

2.  Mathematical  models  being  used  in  the  Air  Force. 

3.  Accounting  models  and  their  use  in  the  Logis¬ 
tics  field. 

4.  AFLC  O&S  and  Logistics  Support  Cost  (LSC) 
models,  techniques,  and  uses. 

5.  Logistic  Support  Cost  Commitments  (L SCC)  tech¬ 
niques  . 

6.  Elements  to  be  considered  in  the  development  of 
a  mathematical  model  for  the  estimation  and  measurement  of 
the  O&S  costs  of  ATE. 

Models 

One  of  the  aspects  of  man's  reasoning  faculty  is 
the  ability  to  predict  what  is  going  to  happen;  i.e.,  the 
ability  to  forecast. 

Rational  conduct  depends  not  only  upon  knowing  what 
is  really  happening  and  being  able  to  interpret  it,  but 
on  having  present  in  our  minds  a  representation  of  what 
is  going  to  happen  next  [5:100]. 
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This  prognosis  may  often  be  inaccurate,  but  is  continu¬ 
ously  corrected  by  feedback.  A  mental  representation  or  an 
abstraction  of  the  real  world  is  what  can  be  called  a  model 
of  the  real  world.  This  representation  may  be  more  or  less 
accurate,  that  is,  a  more  or  less  predictive  aid  in  the 
behavior  of  the  real  world.  "Because  they  are  predictive, 
models  are  open  to  experimentation  as  a  means  of  evaluating 
the  likely  performance  of  the  thing  modelled  [5:100]." 

The  process  of  modeling  is  a  process  of  mapping  a 
conceptual  model  into  a  scientific  language.  During  this 
process  some  conceptual  richness  is  lost,  because  this 
conceptual  richness  depends  on  nuance,  association,  and 
mood,  and  it  is  not  transferable  into  scientific  terms. 
Nevertheless,  a  conceptual  homomorphic  scientific  model  is 
obtained  that  is  precise  and  unambiguous  (5:112-113). 
Because  reality  is  in  many  cases  too  complex  to  be  exactly 
reproduced,  or  because  certain  variables  are  irrelevant  to 
a  specific  problem,  models  are  simplified  abstractions  of 
the  real  world;  that  is,  various  degrees  of  abstraction  can 
be  obtained  in  modeling  (28:20). 

According  to  the  degree  of  abstraction,  models  can 
be  scale  models,  analog  models,  or  mathematical  models. 
Scale  models,  with  the  least  degree  of  abstraction,  are  a 
physical  replica  of  reality.  Analog  models  are  physical 
models  that  do  not  look  like  the  real  thing  but  behave 
like  the  thing  modeled.  Mathematical  models  use  symbols 
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to  represent  the  complexity  of  relationships  in  some  sys¬ 
tems. 

Mathematical  Models 

Mathematical  models  typically  are  presented  in  the 
form  of  mathematical  equations  that  establish  the  relation¬ 
ships  between  the  variables.  These  models  are  easy  to 
manipulate  for  the  purpose  of  experimentation  and  prog¬ 
nosis.  The  dependent  variables  of  the  mathematical  models 
tell  how  well  a  system  performs,  that  is,  reflect  the  level 
of  effectiveness  of  the  system.  The  independent  variables 
of  the  model  can  be  divided  into  two  classes:  controllable 
from  the  point  of  view  of  the  decision  maker  (decision  vari¬ 
ables)  ,  and  uncontrollable  (28:20-23). 

From  the  standpoint  of  the  decision  maker,  models 
can  be  divided  into  normative  and  descriptive  models. 
Normative  models  are  usually  optimum  models  that  prescribe 
the  course  of  action,  while  descriptive  models  reflect  the 
system’s  performance  under  various  input  sets  of  data; 
descriptive  models  do  not  guarantee  optimal  solutions 
(27  :30-39) . 

Models  can  further  be  deterministic,  if  certainty 
is  assumed;  and  stochastic  or  probabilistic  models,  if 
uncertainty  exists  (27:75). 
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There  is  an  interface  between  the  logistics  area 
and  Air  Force  system  design;  this  interface  involves  three 
broad  decision  situations: 

1.  Conceptual  design/concept  evaluation. 

2.  Detailed  system  design. 

3.  Support  planning. 

When  models  are  applied  to  solve  Air  Force  logistics  mana¬ 
gerial  situations  they  are  called  Logistics  Models. 

During  the  conceptual  design  phase  logistics  models  can 
handle  the  comparison  of  "different  concepts  for  achieving 
some  set  of  performance  characteristics  or  operational 
objectives,  and  for  establishing  envelopes  for  system  char¬ 
acteristics  [24:6]."  During  the  detailed  system  design 
phase  logistics  models  can  handle  the  selection  of  a  par¬ 
ticular  hardware  design  from  a  number  of  alternatives. 
Finally,  during  the  support  planning  phase  logistics  models 
can  handle  the  estimation  of  the  kind  and  amount  of 
resources  required  to  support  a  particular  design.  A  par- 

A 

ticular  logistics  model  could  very  well  be  used  for  all 
three  phases. 

There  are  many  logistics  models  developed  and  used 
in  the  logistics  field.  They  can  be  categorized,  depending 
on  the  methodology  they  use,  as  analytical  or  simulation 
models.  Analytical  models  "yield  a  single  answer  or  a 
unique  set  of  answers  for  any  given  set  of  values  of  input 


data  (24:10).”  The  solution  that  this  type  of  model  gives 
is  the  desired  consequence  sought,  and  it  requires  a  mini* 
mum  of  computation.  Most  of  the  logistics  models  fall 
within  the  analytical  category.  Simulation  models  are 
appropriately  employed  for  systems  characterized  by  large 
data  bases  or  sizable  solution  sets  (24:10);  that  is,  when 
the  situation  is  too  complex  for  the  use  of  analytical 
models.  When  dealing  with  complex  situations,  however, 
simulation  models  do  not  necessarily  give  optimal  solu¬ 
tions;  what  they  furnish  is  an  approximation  to  the  best 
answer.  Even  with  a  good  selection  of  input  data  the 
optimal  solution  is  not  assured.  Simulation  models  are 
more  expensive  than  the  analytical  ones,  and  present  diffi¬ 
culties  in  debugging  and  validation. 

The  analytical  models  can  further  be  categorized 
into  probability  models,  network  or  flow  models,  and 
accounting  models.  Models,  like  the  reliability  models, 
that  are  based  on  the  probability  of  occurrence  of  events, 
are  called  probabilistic  or  probability  models.  When  the 
situation  involves  movement  of  things,  like  materials, 
spares,  or  reparables,  flow  models  are  best  suited. 
Accounting  models  are  commonly  used  in  the  logistics  field 
because  resources  are  usually  expressed  in  terms  of  dol¬ 
lars.  They  are  ”a  structured  way  of  adding  component 
costs  (24:12).”  The  accounting  models  used  in  logistics 
compute  the  operating  and  support  costs  at  relatively  low 
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levels  of  hardware  breakdown--Line  Replaceable  Units  (LRUs)-- 
and  total  these  costs.  They  include  initial  and  replenish¬ 
ment  spare  costs,  on-  and  off-equipment  maintenance  costs, 
inventory  costs,  support  equipment  costs,  cost  of  personnel 
training  and  training  equipment,  cost  of  management  and 
technical  data,  and  cost  of  new  facilities.  As  we  shall 
see, the  model  developed  in  this  research  effort  falls  into 
this  class  of  logistics  model. 

Life  Cycle  Cost  Models 

The  life  cycle  cost  models  include  a  variety  of 
mathematical  models  that  "address  some  aspect  of  life  cycle 
costing  during  the  weapon  system  acquisition  cycle  [8:11." 
They  translate  system  characteristics  and  performance  into 
requirements  for  support  resources,  and  ultimately  into 
dollar  cost  estimates.  Life  cycle  cost  models  are  used 
for: 

1.  Computation  of  Operating  and  Support  cost  esti¬ 
mates  which  are  taken  as  decision  criteria  by  DSARC  or  other 
levels  of  management. 

2.  Computation  of  Operating  and  Support  cost  tar¬ 
gets  which  are  incorporated  into  contractual  commitments, 
and  to  measure  success  in  meeting  such  targets. 

3.  Computation  of  comparable  Operating  and  Support 
Cost  estimates  for  consideration  during  source  selection. 


4.  Trading  off  alternative  equipment  designs  and 


support  concepts  on  the  basis  of  their  impact  on  life  cycle 
cost  (8:1) . 

The  link  between  system  design  and  the  cost  to 
operate  and  support  the  equipment  resulting  from  that  design 
can  be  established  by:  (1)  making  a  good  estimate  of  the 
operational  and  support  costs  during  the  acquisition  pro¬ 
cess:  (2)  keeping  records  of  the  costs  of  operating  and 
maintaining  the  system  in  the  field;  (3)  finding  out  what 
operating  and  structural  characteristics  of  the  system 
drive  the  costs  for  O&S;  and  (4)  feeding  back  what  DOD 
learns  to  the  industrial  community  so  they  can  improve 
design  from  an  04S  cost  impact  viewpoint  (31:4). 

Life  cycle  cost  models  do  have  utility  in  the  Inte¬ 
grated  Logistics  Support  (ILS)  context,  as  tools  to: 

1.  Study  the  impacts  of  operational  requirements 
on  design  and  support  alternatives. 

2.  Identify  areas  of  high  support  costs  as  a  con¬ 
sequence  of  design  decisions. 

3.  Make  useful  comparisons  of  alternative  support 
postures. 

4.  Develop  budget  estimates. 

5.  Act  as  evaluation  tools  in  the  source  selec¬ 
tion  process  and  to  define  incentive  goals  and  other  con¬ 
tract  guarantees  (24:30). 
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Comparing  operating  and  support  costs  of  a  new  sys¬ 
tem  with  the  OfcS  costs  of  current  systems  permits  one  to: 

1.  Determine  trends  in  06S  costs. 

2.  Determine  shifting  demands  for  support 
resources  among  similar  systems. 

3.  Focus  management  attention  on  critical  resource 
demands  of  the  new  system  (31:3). 

The  most  important  reason  for  evaluating  OtS  cost 
impacts  of  a  new  system  is  the  need  for  DOD  to  implement  the 
Life  Cycle  Cost  concept,  that  is,  the  integration  of  O&S 
cost  targeting  and  weapon  system  design  (31:4). 

There  are  several  types  of  LCC  models:  Cost  Factor 
Models,  Cost  Estimating  Relationship  Models,  Economic 
Analysis  Models,  Logistics  Support  Models,  Reliability 
Improvement  Cost  Models,  Level  of  Repair  Analysis  Models, 
Maintenance  Manpower  Planning  Models,  Inventory  Management 
Models,  and  Warranty  Models. 

The  following  are  desired  characteristics  of  LCC 

models : 

1.  Completeness — LCC  models  must  include  all  ele¬ 
ments  of  life  cycle  cost  appropriate  to  the  decision  issue 
under  consideration. 

2.  Sensitivity — LCC  models  must  be  sensitive  to 
the  specific  design  or  program  parameters  under  study  in 
order  to  resolve  life  cycle  cost  differences  between  alter¬ 
natives  . 


3.  Validity— LCC  models  are  abstractions  of  the 
real  world  and  some  judgment  will  be  required  with  respect 
to  how  valid  cost  estimates  are. 

4.  Availability  of  input  data  — LCC  models  should 
use  data  that  are  readily  available  at  low  cost  and  have 
a  high  level  of  accuracy. 

LCC  models  developed  up  to  now  present  the  follow¬ 
ing  deficiencies: 

1.  There  are  certain  parameters  not  taken  into 
account  by  such  models.  Models  are  not  sensitive  to  cer¬ 
tain  performance  and  design  parameters,  such  as  accuracy, 
speed,  range,  and,  as  one  author  has  pointed  out,  "Early 
tradeoff  decisions  frequently  have  large  impacts  on  06S 
costs  (8:24] 

2.  In  many  cases,  LCC  models  are  too  complex. 

They  may  have  a  large  number  of  parameters  which  may 
obscure  a  small  set  of  parameters  that  are  more  relevant  to 
life  cycle  cost.  Also,  the  definitions  of  the  parameters 
are  often  unclear. 

3.  In  many  cases  input  data  are  not  available  on 
time,  are  expensive  to  collect,  or  lack  the  desired  level 
of  confidence. 

4.  Some  LCC  models  are  not  sensitive  to  wear- 
induced  failures  (8:8-9). 

Generally  speaking,  a  model  must  be  oriented  to  a 
relatively  narrow  range  of  application  in  order  to  be 


useful  for  analysis  of  a  specific  design  issue.  Input 
data  must  be  relatively  easy  to  obtain. 

General  purpose  LCC  models  tend  to  be  inadequate 
for  specific  applications  because  they  (a)  lack  resolu¬ 
tion  with  respect  to  specific  decision  issues,  (b)  do 
not  reflect  characteristics  of  peculiar  equipment 
types,  (c)  require  data  in  formats  that  are  too  exten¬ 
sive  or  are  not  compatible  with  formats  of  available 
data  [8:4] . 


Logistics  Support  Cost  Commitments 
(LSCC)  Technique 

LSCC  is  a  relatively  new  technique  that  contractu¬ 
ally  embodies  the  concept  of  aggregate  target  cost  for  mea¬ 
suring  OfcS  costs,  and  provides  incentives  to  the  contractor 
to  lower  OSS  costs.  This  technique  has  been  used  in  only 
a  small  number  of  contracts  and  its  effectiveness  requires 
more  evaluation.  However,  LSCC  is  an  innovative  technique 
that  if  applied  on  a  selective  and  controlled  basis  will 
broaden  the  Design  to  Cost  (DTC)  concept  to  include  the 
operating  and  support  cost  in  addition  to  the  development 
and  production  costs  already  encompassed. 

The  Design  to  Cost  concept,  which  has  been  imple¬ 
mented  with  success  by  the  DOD,  is  defined  in  DOD  Directive 
5000.28  as 


...  a  management  concept  wherein  rigorous  cost 
goals  are  established  during  development  and  the  con¬ 
trol  of  systems  costs  (acquisition,  operating,  and 
support)  to  these  goals  is  achieved  by  practical 
tradeoffs  between  operational  capability,  performance, 
cost,  and  schedule.  Cost,  as  a  key  design  parameter, 
is  addressed  on  a  continuing  basis  and  as  an  inherent 
part  of  the  development  and  production  process. 
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Also.  DOD  Directive  5000.28  establishes  the  need  for  mea¬ 
surable  operating  and  support  cost  goals  "which  can  be 
monitored  during  test  and  evaluation  as  well  as  in  opera¬ 
tion  {13:3]." 

One  way  to  measure  operating  and  support  costs  is 
in  terms  of  dollars.  In  order  to  do  this,  ".  .  .  it  is 
necessary  to  convert  the  measures  of  reliability  and  main¬ 
tainability,  such  as  MTBF  and  MTTR  into  expressions  of 
cost  113:24]."  The  LSCC  technique  takes  into  account  these 
cost  goals  in  terms  of  dollars,  and  uses  the  following 
three  elements  to  determine  achievement  of  these  goals: 

1.  A  target  logistic  support  cost  (TLSC) ,  defined 
according  to  a  LSC  model  framework. 

2.  A  measurement  and  verification  of  the  LSC. 

3.  A  remedy  or  price  adjustment,  according  to 

the  results  of  the  measurement  and  verification  of  the  LSC. 

Framework  for  an  LSC  Model 

In  the  Logistics  Support  Cost  Commitment  Technique 
the  government  logistics  support  costs,  as  a  function  of 
contrator-control lable  equipment  logistic  parameters,  are 
represented  by  a  simplified  cost  model.  This  cost  model 
is  structured  in  line  with  the  recommendations  of  the 
Joint  Logistic  Commanders'  Design  to  Cost  Guide  (30:23-24). 

The  cost  model  has  two  kinds  of  parameters:  those 
parameters,  such  as  MTBF  and  Not  Reparable  This  Station 
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(NRTS) ,  over  which  the  contractor  has  certain  control 
through  his  engineering  design,  and  other  parameters  that 
describe  the  environment  in  which  the  equipment  is  to  be 
operated  and  maintained.  The  latter  parameters  are  sup¬ 
plied  by  the  government  with  the  model  framework  (9:2). 

The  cost  model  framework  is  developed  by  the  pro¬ 
gram  office  or  acquisition  management  staff  personnel  and 
is  given  to  the  interested  contractors  as  part  of  the  LSCC 
provisions.  This  cost  model  framework  will  become  the 
basis  for  the  negotiated  contract,  and  for  formal  communica¬ 
tion  between  contractor  and  government  (9:3).  An  outline 
of  a  basic  LSC  model  framework  is  presented  in  Appendix  A. 

Target  Logistics  Support  Cost 

A  cost  target  within  the  LSCC  has  several  benefits. 
First,  the  LSCC  contractual  technique  provides  great  design 
flexibility  to  the  contractor  permitting  LSC  reduction  to 
the  government.  The  contractor  has  many  alternatives  to 
lower  the  logistic  support  cost  as  long  as  he  can  meet  the 
target  logistic  support  cost  (TLSC)  (9:3).  Second,  the 
logistic  support  cost  impact  of  the  interactions  among 
logistic  parameters  is  reflected  in  the  cost  model  frame¬ 
work.  This  impact  cannot  be  detected  if  reliability  and 
maintainability  targets  are  set  individually.  Looking  at 
the  mathematical  model,  it  is  easy  to  see  how  costs  can  be 
changed  by  increasing  or  decreasing  a  parameter,  such  as 
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MTBF  or  NRTS .  Third,  cost  impact  is  in  terms  of  dollars, 
facilitating  "effective  analysis  of  trade-offs  between 


acquisition  cost  and  LSCC  impacts  of  equipment  design 

\ 

expenditures  (9:3]."  Fourth,  it  is  easy  to  perform  sensi¬ 
tivity  analysis. 

The  cost  model  framework  (CMF)  could  be  expanded 
to  incorporate  other  parameters  and  all  possible  inter¬ 
actions,  but  "as  the  accuracy  and  comprehensiveness  of 
the  CMF  is  enhanced,  its  mathematical  complexity  increases 
(9:5]."  As  the  complexity  of  the  CMF  increases,  the 
responsibilities  under  the  LSCC  become  more  difficult  to 
determine;  risk  becomes  much  harder  to  assess,  and  incen¬ 
tives  decrease. 

Implementation  Considerations 

Since  LSCC  is  an  important  and  complex  legal  docu¬ 
ment,  several  managerial  decisions  require  considerable 
attention  in  the  implementation  of  the  LSCC.  For  example, 
it  is  very  important  for  the  verification  environment  to 
be  fully  defined.  Failure  definition,  parameter  estimate 
definition,  and  responsibilities  of  both  the  government 
and  contractor  must  be  clearly  stated  and  must  include 
considerable  detail.  The  LSCC  must  include  all  kinds  of 
detail  and  definitions  relevant  to  determining  the  method 
to  be  followed  during  the  verification  stage,  and  any  kind 
of  adjustment  in  the  TLSC  prior  to  the  verification  test. 


Another  important  consideration  is  the  development 
of  contract  adjustment  procedures.  From  the  comparison  of 
the  measured  logistics  support  cost  (MLSC)  and  the  target 
logistics  support  cost,  contract  remedies  or  price  adjust¬ 
ments  are  made.  If  MLSC  <  TLSC,  positive  adjustment  can  be 
used.  An  award  fee  as  a  function  of  the  difference  between 
MLSC  and  TLSC,  up  to  a  specified  value,  is  one  method  of 
positive  adjustment.  An  increment  of  the  price  per  unit 
as  a  function  of  the  difference  between  MLSC  and  TLSC  is 
another  way  of  positive  adjustment.  If  the  MLSC  >  TLSC  by 
a  certain  percentage,  usually  10  percent,  the  LSC  perform¬ 
ance  of  the  equipment  is  not  adequate,  and  remedies  are 
used  (9:7)  . 

If  the  MLSC  ■  TLSC  or  they  differ  only  within  a 
small  specified  percentage,  it  is  regarded  as  sufficient 
compliance  of  the  LSC  target  by  the  contractor,  and  the 
contractor  is  given  the  benefit,  e.g.,  award  fee.  All  price 
adjustments  or  remedies  must  be  conducted  according  to  what 
is  specified  in  the  LSCC  (9:7). 

Another  consideration  is  related  to  the  kind  of 
risk  that  the  LSCC  exposes  both  the  contractor  and  govern¬ 
ment  to.  Cost  risk  is  part  of  business  risk,  and  has  two 
elements--statistical  risk  and  technical  risk.  Statistical 
risk  is  the  risk  of  making  incorrect  award/remedy  deci¬ 
sions  because  of  differences  between  the  MLSC  and  the  LSC 
of  the  underlying  true  population.  Statistical  risk 
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considerations  are  necessary  because  MLSC  is  only  an  esti¬ 
mate  of  the  true  measured  logistics  support  cost  of  the 
underlying  population.  Technical  risk  is  the  risk  due  to 
variability  of  the  possible  values  of  the  MLSC  of  the  under¬ 
lying  population  relative  to  the  target  logistics  support 
cost.  This  technical  risk  is  a  function  of  the  state  of 
the  art,  the  efficiency  of  the  manufacturing  process,  the 
compliance  with  the  development  schedule,  and  other  tech¬ 
nical  factors.  Statistical  and  technical  risks  both  have 
a  significant  impact  on  the  LSCC  as  a  tool  for  the  trans¬ 
mission  of  incentives  to  the  contractor  (9:9). 

If  the  statistical  risk  is  very  high,  incentives 
are  reduced,  and  needless  expenditures  may  be  incurred  if 
equipment  is  rejected  when  it  meets  the  requirements,  or 
if  equipment  is  accepted  when  it  should  be  rejected  (9:9). 
When  the  technical  risk  is  very  high  or  the  variability  of 
the  true  MLSC  of  the  underlying  population  is  very  large, 
the  use  of  the  LSCC  technique  is  not  recommended  (9:9). 

Other  considerations  are  related  to  the  legal 
aspects  of  the  LSCC.  The  contractor's  responsibility  for 
various  factors  of  LSC  has  to  be  balanced  against  suffi¬ 
cient  authority  to  control  those  factors  of  the  LSC;  and 
the  government  has  to  guarantee  the  maintenance  of  the 
prenegotiated  levels  of  those  factors  over  which  the  con¬ 
tractor  has  no  control  (9:9). 
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Since  both  contractor  and  government  are  inter¬ 
ested  in  having  low  statistical  risks,  one  way  to  reduce 
statistical  risks  is  by  using  the  LSCC  for  a  group  of 
items:  developing  a  TLSC  for  the  aggregate  of  items  instead 
of  separate  TLSCs  for  each  individual  item.  Statistical 
risk  reduction  is  due  to  the  existence  of  independence  of 
variability  of  test  data  among  items. 

Two  problems  may  arise  in  trying  to  lower  sta¬ 
tistical  risk  with  the  aggregation  over  several  items. 
First,  if  the  prime  contractor  passes  down  to  subcontrac¬ 
tors  the  same  LSCC  provision  on  an  item-by-item  basis, 
sucontractor ' s  statistical  risk  may  be  very  high.  Second, 
during  the  verification  test,  some  items  may  have  very  high 
MLSC,  but  the  aggregate  target  may  be  met  due  to  the  "off¬ 
setting  effect  of  low  measured  LSCs  for  the  remaining 
items  [9:15). “  These  high  MLSC  items  may  be  the  cause  of 
weapon  systems  down  time  in  the  field. 

Of  prime  consideration  is  the  research  that  has  to 
be  done  when  structuring  the  LSCC.  The  purpose  of  the  LSCC 
technique  is  to  maximize  contractor  incentive  to  reduce 
government  LSCs  while  maintaining  statistical  risk  to  con¬ 
tractor  and  government  at  acceptable  levels.  Thus  the 
assessment  of  the  values  that  will  establish  the  relation¬ 
ship  among  the  control  parameters  has  to  be  made  in  a 
rigorous  manner.  If  these  values  are  realistic,  the  Cost 
Model  Framework  (CMF)  will  adequately  represent  the  costs 
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of  logistic  support  for  the  actual  equipment  demand.  If 
control  parameters  are  well  set  and  their  relationships 
well  defined,  it  will  "permit  extensive  studies  of 
trade-offs  among  the  four  parameters  (9:17]."  It  also  will 
permit  enough  time  to  study  the  LSCC  statistical  risk  prior 
to  negotiation  of  terms  and  conditions  of  the  LSCC. 

The  LSCC  technique  is  a  well  conceived  and  innova¬ 
tive  contracting  technique.  It  appears  to  be  an  effective 
way  to  transmit  to  the  contractor  DOD  life  cycle  goals. 

The  CMF  is  a  simplified  model  that  represents 
government  LSCs  as  a  function  of  contractor-controllable 
equipment  logistic  parameters.  Nevertheless,  the  LSCC 
needs  certain  prerequisites  in  order  to  be  recommended  as 
an  adequate  contractual  technique:  statistical  and  tech¬ 
nical  risks  have  to  be  low  enough  so  that  contractors  are 
attracted  to  work  on  a  project  and  so  that  LSCC  effective¬ 
ness  in  transmitting  incentive  to  the  contractor  to  design 
a  reduced  LSC  item  of  equipment  can  be  maintained.  However, 
the  LSCC  techniques  have  been  used  in  only  a  small  number 
of  contracts  and  need  a  more  complete  evaluation.  "Future 
applications  should  be  on  a  selective  and  controlled  basis 
(9:17] . - 

The  Logistics  Support  Cost  model  was  the  type  of 
model  developed  for  the  estimation  and  measurement  of  the 
04S  costs  for  avionics  ATE.  This  model  concept  permits 
the  utilization  of  the  LSCC  technique  for  contractual 


According  to  AFLCP  800-3# 

.  .  .  reliability  is  the  principal  performance 
factor  influencing  design  and  life  cycle  support  costs. 
It  predominates  as  a  lead  factor  in  determining  other 
factors  such  as  availability,  maintenance  load  factors, 
and  spares  and  support  requirements  [2:7], 

Increased  reliability  could  result  in  decreased  operating 
and  support  costs  but  probably  at  a  higher  acquisition  cost. 
Maintainability  is  a  quantification  of  the  ease  of  mainte¬ 
nance.  "Maintainability  is  a  consideration  of  design,  while 
maintenance  is  a  consequence  of  design  [2:11]."  Designing 
ease  of  maintenance  into  e.  product  may  also  result  in 
reduced  operation  and  support  costs,  but  again  may  increase 
acquisition  costs.  These  two  factors  (reliability  and 
maintainability)  illustrate  the  necessity  for  a  model  in 
which  acquisition  costs  can  be  weighed  against  operating  and 
support  costs  in  determining  the  "best  buy*  for  the  govern¬ 
ment.  Thus  it  was  important  to  understand  the  relationship 

between  reliability  and  maintainability  and  operation  and 

\  : 

support  costs. 

Basic  assumptions  and  limitations  necessary  for 
model  simplicity  in  developing  the  automatic  test  equip¬ 
ment  operating  and  support  cost  model  were  as  follows 
(10 »4)  » 

1.  Each  base  of  operation  using  the  automatic  test 
equipment  was  considered  to  be  fully  operational. 


Assumptions  and  Limitations 
for  Model  Development 
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2.  The  spares  requirement  was  based  on  the  highest 
level  of  program  activity. 

3.  Only  one  Technology  Repair  Center  (TRC)  location 
and  several  intermediate  base  repair  locations  were  con¬ 
sidered. 

4.  Only  recurring  training  for  maintenance  personnel 
was  used. 

5.  Certain  factors  that  contribute  to  operation  and 
support  costs  were  not  considered  due  to  lack  of  estimates 
or  difficulty  in  evaluating  such  costs.  Examples  of  these 
factors  are  modification  costs  and  software  changes. 

Factors  of  the  Logistics 
Support  Cost  Model 

The  logistics  support  cost  factors  considered  in 
the  automatic  test  equipment  model  are: 

1.  Cost  of  Test  Replaceable  Unit  (TRU)  Spares  (C^) 

2.  On-Equipment  Maintenance  (Cj) 

3.  Off-Equipment  Maintenance  (C^) 

4.  Inventory  Management  Cost  (C^) 

5.  Cost  of  Support  Equipment  (Cj) 

6.  Cost  of  Personnel  Training  (Cg ) 

7.  Cost  of  Management  and  Technical  Data  (C7 ) 

8.  Calibration  Requirements  (Cg) 

Logistics  support  costs  are  the  sum  of  all  factors 


included  in  the  model;  e.g.. 


ATE  Logistics  Support  Cost  •  ♦  Cj  ♦  ♦ 

C5  ♦  C6  ♦  C?  ♦  C8 

The  cost  factors  are  discussed  individually  in  order  to 
gain  more  insight  into  the  logistics  support  cost  model. 

Cost  of  TRU  Spares.  The  logistics  support  cost 
model  provides  for  a  systematic  determination  of  the  types 
and  quantities  of  spares  and  repair  parts  required  to  main¬ 
tain  and  support  the  automatic  test  system  and  its  associ¬ 
ated  hardware  for  a  fixed  period  of  time.  The  equipment 
spares  are  necessary  to  fill  the  field  and  depot  repair 
pipelines  and  to  replace  the  items  which  are  condemned  at 
base  level  over  the  life  of  the  system.  The  base  repair 
pipeline  spares  include  a  safety  stock  to  protect  against 
random  fluctuations  in  demand  (10:3-1). 

On-Equipment  Maintenance.  On-equipment  maintenance 
includes  servicing,  preventive  maintenance,  time  change 
removals,  and  unscheduled  removals.  On-equipment  mainte¬ 
nance  for  automatic  test  equipment  is  done  at  the  inter¬ 
mediate  level.  This  cost  factor  also  includes  the  time 
expended  during  fault-isolation  to  a  subassembly  level. 

Of f -Equipment  Maintenance.  Off-equipment  mainte¬ 
nance  is  associated  with  the  repair  of  subassemblies  after 
removal  from  the  automatic  test  equipment  when  a  failure 
has  occurred.  Off-equipment  costs  are  estimated  using  the 
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average  value  of  labor  where  the  average  cost  to  repair 
includes  the  cost  of  labor  (salaries,  fringe  benefits,  over¬ 
head  and  lost  time)  employed  in  the  repair  process  (7:44). 
Erroneously  removing  a  properly  functioning  subassembly 
will  also  be  included  as  part  of  this  cost.  Off-equipment 
maintenance  can  be  accomplished  at  the  intermediate  level 
where  one  facility  provides  support  to  one  or  more  using 
organizations  or  at  the  Technology  Repair  Centers  (TRCs) 
wnich  possess  more  sophisticated  equipment  and  greater 
maintenance  capability.  Repair  at  two  different  mainte¬ 
nance  levels  can  cause  confusion  in  determining  cost  of 
off-equipment  maintenance  since  the  costs  to  repair  at 
base  level  are  different  than  the  costs  at  the  TRC  level. 

Inventory  Management  Costs.  This  element  of  cost 
is  considered  as  the  new  inventory  life  cycle  management  cost 
based  on  the  number  of  spares  estimated  under  the  spares 
cost  factor  (7:33). 

Cost  of  Support  Equipment.  This  cost  factor 
includes  the  quantities  and  costs  to  acquire  and  maintain 
new  peculiar  items  of  TRC  and  base  shop  equipment  utilized 
in  the  repair  of  automatic  test  equipment  (10:3-7). 

Cost  of  Personnel  Training.  This  factor  includes 
the  cost  to  train  base  and  depot  maintenance  personnel  over 
the  life  of  the  automatic  test  equipment  (10:3-10). 
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Cost  of  Management  and  Technical  Data.  This  cost 
factor  includes  the  labor  costs  associated  with  the  prepara¬ 
tion  of  maintenance  forms  due  to  equipment  failures  and 
scheduled  or  periodic  maintenance.  Also  included  are  the 
costs  to  acquire  and  update  technical  orders  and  other 
technical  data  (10:3-11). 

Calibration  Requirements.  Calibration  requirements 
are  a  cost  factor  that  is  unique  for  test  equipment.  This 
element  includes  the  cost  of  calibration  of  all  items  that 
require  it  on  the  automatic  test  equipment.  Calibration 
intervals,  calibration  time,  and  equipment  turnaround  are 
important  items  affecting  this  cost  factor. 

Summary 

There  is  a  definite  need  for  management  tools  which 
can  aid  the  Air  Force  manager  in  decision  making  in  this 
time  of  tight  money  and  ever-increasing  weapon  system  costs. 
The  life  cycle  costing  technique  is  one  of  the  management 
tools  which  has  been  employed  successfully  in  reducing  sys¬ 
tem  costs. 

There  are  different  models  which  have  been  developed 
and  used  in  life  cycle  costing.  Some  of  the  models  are  the 
life  cycle  cost  models,  logistics  support  cost  models,  and 
operation  and  support  cost  models.  Unavailability  of  sup¬ 
port  equipment  models  has  resulted  in  poor  cost  reduction 
results  and  has  invoked  criticism  of  systems  acquisition. 
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Life  cycle  costing  techniques  have  not  been  applied 
to  all  Air  Force  systems  acquisition.  Such  is  the  case  in 
the  area  of  support  equipment  acquisitions  and  especially 
in  the  automatic  test  equipment  arena  where  increasing 
cost  has  focused  high  level  attention.  Consequently,  it 
was  the  intent  of  this  research  effort  to  develop  a  logis¬ 
tics  support  cost  model  for  automatic  test  equipment  that 
could  prove  useful  in  ATE  life  cycle  costing  applications. 


CHAPTER  III 


METHODOLOGY 

This  chapter  describes  the  methods  which  were  used 
to  answer  the  following  research  questions: 

1.  What  are  the  variables  that  contribute  to  the 
operating  and  support  costs  of  ATE? 

2.  To  what  categories  of  operating  and  support 
costs  do  these  variables  apply? 

3.  What  is  the  relationship  among  these  variables 
that  defines  operating  and  support  costs? 

4.  How  sensitive  are  operating  and  support  costs 
to  changes  in  these  variables? 

The  research  followed  the  steps  outlined  in  Figure  1  to 
address  the  areas  of  variable  identification,  variable 
relationships,  and  model  sensitivity.  Research  question 
number  1  was  answered  by  comparing  existing  04S  models 
with  actual  data  collected  from  the  depot  and  field. 
Examination  of  the  variables  and  personal  judgment  was  used 
to  categorize  the  variables  identified  to  answer  question 
number  2.  An  adaption  of  dimensional  analysis  was  used  to 
answer  question  3.  Question  4  was  addressed  by  a  mathe¬ 
matical  computer  analysis  of  the  model  variables. 


System  commonly  called  66-1  data.  The  data  sources  were 
the  D056  and  D041  management  information  systems.  Typical 
field  maintenance  data  reported  by  Work  Unit  Codes  (WUC) 
were  the  maintenance  action  performed,  manhours  to  repair, 
and  when  failure  occurred.  These  maintenance  data  were 
initially  recorded  by  the  maintenance  technician  effecting 
ATE  LRU  repair  and  were  documented  in  accordance  with 
AFM  66-1.  Repair  at  the  field  level  was  charged  against 
a  particular  WUC  which  is  a  hierarchical  parts  identifica¬ 
tion  system  which  identifies  every  reparable  or  major 
component  in  the  ATE  ( 29 :ll-002) . 

Data  pertaining  to  calibration  intervals  and  cali¬ 
bration  times  for  ATE  were  obtained  from  Newark  Air  Force 
Station  (AFLC/AGMC) ,  which  is  responsible  for  calibration 
equipment.  The  manhours  expended  to  remove  or  replace 
equipment  that  was  sent  for  calibration  were  charged  to  the 
field  maintenance  activity  and  were  included  in  the  field 
level  data.  However,  the  actual  time  required  to  calibrate 
each  component  at  either  the  Precision  Measurement  Equip¬ 
ment  Laboratories  at  the  depot  or  the  contractor  was 
gathered  by  AFLC/AGMC. 

The  data  pertaining  to  the  different  Logistic  Sup¬ 
port  Cost  models  were  obtained  from  the  Air  Force  Acquisi¬ 
tion  Logistics  Division  at  Wright-Patterson  AFB.  These 
data  were  necessary  in  studying  the  variables  presently 
being  utilized  by  the  existing  models  and  providing  a 
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basis  for  standardization  of  variable  symbols  and  nomen¬ 
clature. 

Since  the  only  sources  of  data  for  the  research 
were  from  Air  Force  agencies  and  data  systems,  it  was 
assumed  that  the  data  were  accurate  and  valid  for  the 
intended  purposes  of  variable  selection  and  validation  of 
the  operation  and  support  cost  model.  All  data,  once  col¬ 
lected,  were  classified  as  either  nominal,  ordinal, 
interval,  or  ratio  in  accordance  with  the  guidelines  out¬ 
lined  by  Emory  (15:113-117). 

Existing  Model  Variables 

Three  of  the  existing  operating  and  support  cost 
models  were  studied  to  determine  the  variables  being  used 
and  their  symbols  and  nomenclature.  This  was  necessary  to 
take  advantage  of  existing  computer  programs  that  were 
modified  in  order  to  perform  the  mathematical  analysis  of 
the  proposed  operation  and  support  cost  model. 

One  of  the  models  studied  was  the  AFLC  Logistics 
Support  Cost  (LSC)  model.  This  model  is  an  applied  cost 
analysis  technique  which  is  general  purpose  in  content  and 
is  not  appropriate  for  all  systems  and  categories.  The 
LSC  model  must  be  tailored  for  use  on  particular  systems 
and  equipment  (10:4).  The  program  for  this  model  is  avail¬ 
able  on  the  AFLC  CREATE  computer  system.  Another  model 
that  was  studied  was  developed  by  the  Operations  Analysis 


Office  at  HQ  AFLC  under  the  name  Project  ABLE  (Acquisition 
Based  on  Consideration  of  Logistics  Effects) .  Project  ABLE 
is  an  effort  "directed  towards  creating  tools  which  mea¬ 
sure  the  logistics  consequences  of  Reliability  and  Main¬ 
tainability  and  applying  them  so  as  to  make  new  weapon 
systems  better— sooner  (21:1)."  An  actual  application  of 
an  operating  and  support  cost  model  to  the  F-4E  aircraft 
program  was  also  studied  to  determine  actual  variables  used. 
The  model  is  the  A-X  ten-year  operating  and  support  cost 
model  (7:1) . 


Variables  Used  in  Actual  Cost  Lata 

A  study  was  undertaken  to  determine  what  variables 
are  presently  being  used  in  computing  actual  operation  and 
support  costs.  The  following  groupings  of  variables  were 
among  those  considered  ir.  the  study: 

1.  Depot  cost  variables  • 

2.  Field  cost  variables 

3.  Calibration  cost  variables 

4.  Spare  cost  variables 

These  cost  areas  commonly  represent  the  actual  OfcS  costs 
that  are  currently  being  recorded. 

The  variables  making  up  the  depot  cost  were,  for 
example,  cost  to  repair,  depot  pipeline  spares,  and  depot 
time  to  repair.  These  data  were  obtained  from  the  ATE 
system  manager  at  SA-ALC/MMI  division  and  DCASPRO  Bendix 
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Corporation.  The  field  cost  variables  consisted  of  on  and 
off  equipment  maintenance  done  on  the  ATE.  This  included 
such  maintenance  actions  as:  time  spent  on  adjustments  of 
the  ATE,  removal  or  replacement  of  components,  and  actual 
troubleshooting  time.  The  calibration  cost  data  were 
obtained  from  AFLC/AGMC  at  Newark  AFS ,  Ohio.  These  data 
pertained  to:  calibration  intervals,  calibration  times, 
and  cost  of  calibration.  The  last  area  of  cost  considered 
was  the  amount  and  cost  of  spares  necessary  to  support  a 
particular  piece  of  ATE. 

Selection  of  Variables 

The  determination  of  variables  for  the  operating 
and  support  cost  model  was  made  by  comparing  the  vari¬ 
ables  presently  being  used  on  other  operating  and  support 
cost  models  and  the  variables  which  are  actually  con¬ 
tributing  to  04S  costs  of  Automatic  Test  Equipment. 

The  first  step  in  the  comparison  was  to  list  all 
variables  found  in  existing  04S  cost  models  and  variables 
observed  in  actual  data.  Once  listed,  an  attempt  was  made 
to  match  each  variable,  one  for  one,  between  the  existing 
models  and  actual  data.  If  a  direct  match  was  possible  the 
variable  was  tentatively  included  in  the  model.  When  a 
direct  match  was  not  possible,  as  was  the  case  when  the 
existing  model  contained  variables  not  found  in  existing 
data  or  vice  versa,  an  evaluation  based  on  the  strength  of 


the  variable  was  made  to  judge  whether  it  should  be 
included.  Only  those  variables  which  collectively  con¬ 
tributed  approximately  80  percent  to  the  actual  operating 
and  support  cost  were  considered  for  inclusion  in  the  ATE 
operating  and  support  cost  model.  This  decision  was  based 
on  the  value  volume  concept  originally  observed  by  the 
Italian  economist,  Pareto,  who  based  his  findings  on  the 
fact  that  a  few  items  usually  account  for  the  majority  of 
the  value  of  a  system  (28:159). 

Relationships  of  Variables 

The  categories  of  variables  for  the  proposed  model 
were  found  to  be  similar  to  those  found  in  existing  OfcS 
models.  Examples  of  variable  categories  are  off-equipment 
maintenance,  on-equipment  maintenance,  and  spares  require¬ 
ments.  A  more  complete  list  of  categories  is  found  on 
page  26  in  the  list  of  factors  considered  in  the  model. 

The  categories  of  variables  was  determined  through  examina¬ 
tion  and  personal  judgment.  The  relationships  among  the 
variables  were  determined  by  personal  experience,  dimen¬ 
sional  analysis,  and  in  some  cases,  adaption  of  dimensional 
analysis . 

Dimensional  analysis  is  a  method  of  specifying  the 
form  of  the  functional  relationship  between  a  number  of 
variables  if  and  when  we  know  that  just  one  relationship 
must  necessarily  tie  these  variables  together  (12:4-5). 
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For  the  purpose  of  the  development  of  a  mathe¬ 
matical  model  that  predicts  the  OfcS  costs  for  ATE,  dimen¬ 
sional  analysis  technique  was  applied  in  finding  the  func¬ 
tional  relationships  between  the  selected  variables. 
Dimensional  analysis  enabled  us  to  find  the  variables  that 
must  enter  the  relationship  in  certain  definite  combina- 
tins.  In  our  model,  where  dimensional  analysis  was  used 
variables  selected  were  grouped  in  categories  representing 
partial  O&S  costs;  then,  dimensional  analysis  was  applied 
to  this  category.  For  example,  if  is  a  category  repre¬ 
senting  off-equipment  maintenance  cost,  the  dimensional 
analysis  technique  would  allow  us  to  find  Cj  as  a  function 
of  several  variables  such  as  manhours  (X^) ,  operating  time 
( X 2 ) ,  and  cost  per  manhour  (Xj) .  Thus,  Cj  ■  f (X^.X^, . • .Xn> , 
where  X^,X2*...,Xn  represent  the  selected  variables  that  go 
into  the  functional  group  or  category.  Further,  the  dimen¬ 
sional  analysis  technique  would  help  to  determine  the  X^ 
that  best  dimensionally  combine  to  yield  the  value.  The 
relationship  between  these  variables  was  also  determined 
with  this  technique;  i.e.,  the  relationship  that  maps  the 
independent  variables  into  the  dependent  variable. 

Sensitivity  Analysis 

Once  the  ATE  operation  and  support  cost  model  was 
developed,  the  final  task  was  to  insure  that  all  the 
important  independent  variables  were  included  in  the  model 
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while  at  the  same  time,  insuring  simplicity  of  the  model. 

A  computer  program  was  developed  to  calculate  the  changes 
in  the  dependent  variable  when  each  independent  variable 
value  was  changed  through  an  entire  range  cf  values.  The 
ranges  of  the  independent  variable  values  were  established 
by  inspection  and  by  consulting  experts.  A  computer  run 
was  performed  for  each  of  the  independent  variables. 

The  purpose  of  this  sensitivity  test  was  to  deter¬ 
mine  the  relative  driving  effect  of  each  of  the  independent 
variables.  This  analysis  allowed  us  to  decide  whether  a 
variable  should  stay  in  the  model  or  whether  it  should  be 
dropped  from  the  model. 


CHAPTER  IV 


MODEL  DEVELOPMENT 

As  stated  earlier  in  Chapter  I,  the  objective  of 
this  research  was  to  develop  a  model  to  estimate  and  mea¬ 
sure  06S  costs  for  avionics  ATE  which  could  be  useful  in 
LCC  techniques  applied  to  ATE  support  equipment  programs. 
More  specifically,  the  model  was  developed  with  the  intent 
that  it  be  used  primarily  as  an  aid  in  source  selection  and 
as  a  means  of  defining  incentive  goals  and  other  contract 
guarantees.  Thus,  the  accounting  type  model  appeared  most 
appropriate  for  these  purposes  and  model  development  was 
aimed  at  producing  this  class  of  model.  The  model  was  not 
intended  as  a  means  of  predicting  operating  and  support 
costs  based  on  design  parameters  (e.g.,  range,  weight, 
thrust,  etc.),  nor  was  it  envisioned  as  a  means  of  esti¬ 
mating  total  life  cycle  costs.  Estimating  total  life  cycle 
costs  would  require  a  model  which  incorporated  all  elements 
of  life  cycle  cost.  As  stated  earlier,  this  model  develop¬ 
ment  effort  considered  only  high  cost  drivers  and  omitted 
ATE  software  costs  due  to  data  unavailability. 

Data  availability  is,  of  course,  a  primary  con¬ 
sideration  in  model  development  and  use.  The  model 
described  in  this  thesis  contains  variables  whose  values  can 
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be  determined  by  the  analysis  of  data  available  through 
various  government  and  contractor  sources.  However,  in  the 
early  stages  of  weapon  system  acquisition — prior  to  selec¬ 
tion  of  a  full  scale  development  ( FSD)  contractor- -many 
of  the  estimates  required  to  be  made  of  variables  in  the 
model  can  only  be  made  with  a  reasonable  degree  of  accuracy 
by  the  competing  contractors.  Thus,  the  model  should  be 
provided  to  the  contractors  and  employed  by  them  initially 
to  set  target  logistics  support  costs  (TLSCs) .  The  govern¬ 
ment  would  then  use  the  model  subsequent  to  FSD  to  determine 
measured  logistics  support  costs  (MLSCs) .  This  comparative 
characteristic  of  model  use  eliminates  the  necessity  for 
the  model  to  contain  all  elements  of  life  cycle  cost. 

With  these  thoughts  in  mind,  the  remainder  of  this 
chapter  describes  the  way  in  which  the  model  was  developed. 

Steps  in  Model  Development 
A  model  was  developed  using  the  following  cate¬ 
gories  (previously  defined  in  Chapter  II): 

•  cost  of  TRU  spares 

Cj  *  on-equipment  maintenance  cost 
Cj  •  off-equipment  maintenance  cost 
■  inventory  management  cost 

*  cost  of  support  equipment 
Cg  •  cost  of  personnel  training 
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C7  ■  cost  of  management  and  technical  data 
Cg  ■  cost  of  calibration 

For  development  of  this  model  it  was  assumed  that  the  con¬ 
tractor  would  be  given  the  weapon  system  First  Line  Unit 
(FLU)  testing  requirements  and  that  no  TRU  would  be 
repaired  at  field  level.  The  steps  that  were  followed  in 
the  development  of  the  model  were:  identification  of  the 
variables,  grouping  of  the  variables  into  the  different 
categories  and  determining  their  relationships  to  obtain 
the  category  equation,  and  finally  combining  all  of  the 
categories  to  obtain  the  overall  O&S  cost  model  for  auto¬ 
matic  test  equipment.  The  AFLC  Logistics  Support  Cost 
Model  was  used  as  a  guide  in  development  of  this  model 
(10)  . 

Identification  of  Variables 

The  identification  of  variables  consisted  of  list¬ 
ing  all  the  variables  obtained  from  actual  data,  i.e., 
depot,  field,  PMEL ,  and  comparing  them  to  the  variables 
used  in  other  models.  Variables  that  were  found  in  actual 
data  and  were  used  in  other  models  were  selected  as  candi¬ 
dates  for  the  proposed  operation  and  support  cost  model. 

A  matrix,  shown  in  Appendix  B,  was  developed  to  show  this 
comparison.  The  explanation  of  each  of  the  variables  is 
presented  in  Appendix  C.  A  direct  match  between  all  of  the 
variables  from  actual  data  and  from  other  models  was  not 
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possible  in  all  cases.  A  list  bf  these  variables  and  the 
justification  for  including  them  in  ATE  OfcS  models  is  as 
follows: 

1.  POH — monthly  peak  operating  hours  are  important 
in  determining  the  cost  of  TRU  spares  during  a  surge  condi¬ 
tion.  Peak  operating  hours  depend  on  the  efficiency  with 
which  the  contractor's  equipment  can  meet  surge  weapon 
system  testing  requirements. 

2.  TARGAVAL-- the  target  availability  of  the  ATE 
would  be  furnished  by  the  government  and  would  be  neces¬ 
sary  to  determine  the  appropriate  number  of  spare  TRUs 
that  would  minimize  cost. 

3.  BCA/DCA- -although  the  data  for  the  total  cost 
of  additional  items  of  common  base  (BCA)  and  depot  (DCA) 
support  equipment  was  not  readily  available,  such  data 
could  be  required  of  the  contractor  on  new  procurements. 
Depending  on  the  type  of  ATE,  this  cost  could  be  rather 
substantial . 

4.  DPA — the  cost  of  the  depot  peculiar  shop 
equipment  could  also  be  substantial  and,  although  the  data 
was  not  readily  available,  it  could  be  part  of  the  data 
furnished  by  the  contractor  on  a  new  procurement. 

5.  DCOND — the  actual  data  for  the  fraction  of  TRUs 
returned  to  the  depot  for  repair  expected  to  result  in  con¬ 
demnation  at  the  depot  was  not  available  from  any  of  the 
present  sources.  However,  the  condemnation  rate  for  some 
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TRUs  could  be  very  high  and  would  have  a  great  effect  on 
the  cost  of  TRU  spares.  The  data  for  this  variable  there¬ 
fore  has  to  be  obtained. 

6.  RIP — the  data  for  the  fraction  of  failures  that 
can  be  repaired  in  place  could  not  be  obtained  from  actual 
data.  This  variable  should  be  kept  in  the  ATE  OfcS  model  as 
it  contributes  to  the  on  and  off  equipment  maintenance  and 
can  have  an  impact  on  the  maintenance  concept  employed. 

The  data  could  be  required  from  the  contractor  on  a  new 
procurement. 

7.  Calibration  Vanables--the  cost  of  ATE  calibra¬ 
tion  was  not  found  to  be  included  in  any  available  model. 
However,  available  data  at  both  the  field  and  AGMC  level 
indicated  that  calibration  costs  represented  a  major  cost 
input  in  the  operation  of  ATE.  An  example  of  the  importance 
of  calibration  was  found  in  the  dedication  of  unique  cali¬ 
bration  to  support  of  F-15  ATE.  A  list  of  calibration 
variables  considered  is  contained  in  Table  8,  page  76. 

Relationship  of  Variables 
by  Category 

In  the  development  of  the  relationship  of  vari¬ 
ables  by  category,  two  techniques  were  used.  One  wa3  the 
modification  of  existing  equations  found  in  other  cost 
models  and  the  other  was  by  using  dimensional  analysis. 
Equations  C^ ,  C2»  Cj,  C^,  C5*  Cft,  and  C7  were  derived  by 
modifying  existing  equations  from  the  AFLC  Logistics 
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Support  Cost  Model  (10).  Dimensional  analysis  was  used  to 
derive  equation  Cg . 

Cost  of  TRU  Spares  (C^) ♦  This  equation,  shown  in 
Table  1,  is  used  to  calculate  the  cost  of  spares  required 
to  support  the  ATE  over  the  life  of  the  system.  Spares 
are  required  to  fill  the  depot  repair  pipeline,  to  replace 
condemned  items,  and  to  fill  the  base  supply  pipeline. 

The  spares  necessary  to  fill  the  depot  repair  pipe¬ 
line  are  computed  as  follows: 


"  (POH)  (QPAJ  (l-RIPx)  (l-DCONDl)  (DRCT)  u(. 
i-1  MTBFi  1 


where 


(POH) (QPA. ) 


JfTBF  1 


—  is  the  number  of  monthly  failures  for  the 


i  TRU,  (1-RIP ^ )  is  the  fraction  of  TRUs  that  cannot  be 
repaired  in  place,  (1-DCOND^)  is  the  fraction  of  items  which 
are  not  condemned,  DRCT  is  the  depot  repair  cycle  time  and 
UC^  is  the  unit  cost  for  the  ifc^  TRU. 

The  cost  of  spares  necessary  to  replace  the  TRUs 
that  will  be  condemned  is  as  follows: 


_  (TOH)  (QPAi)  ( 1-RIP  i)  (DCONDi) 
L-l  MTBF . 


where  ,TOH>  is  the  number  of  failures  for  the  ith 


The  expected  number  of  backorders  (XBO^)  for  increasing 
values  of  stock  levels  (STK^)  is: 

n 

XBO .  -  L  (X-STK.)  P  (Xl  X  t  ) 

1  i-l  1  11 


The  probability  AV^  of  a  spare  TRU  being  available  when 
demanded  is  then  calculated  as  follows  (10:3-2): 


r  XBOi  -|  QPAi 

AVi  "  "(QPAi) (UEBASE) J 


This  value  of  AV^  is  calculated  for  different  values  of  STK^ 
and  an  index  is  generated  which  gives  the  difference  of  the 
different  stock  levels  divided  by  its  unit  cost.  This  shows 
the  increase  in  availability  as  a  result  of  the  increase  in 
stock  levels  as  a  function  of  cost.  The  probability  AV  of 
any  spare  for  the  system  being  available  when  demanded  would 


AV  -  II  AV.  -  AV.  •  Av,  •  AV,  . . .  AV  ,  •  AV 

i  i  *■  J  n-i  n 


This  assumes  that  each  TRU  is  necessary  to  keep  the  auto¬ 
matic  test  equipment  operational. 

A  target  (TARGAVAL)  for  system  spare  availability 
is  established  and  the  calculated  AV  has  to  be  equal  to  or 
greator  than  the  TARGAVAL.  When  AV  >_  TARGAVAL  the  spares 
availability  criteria  has  been  met  at  the  least  cost.  An 


example  to  illustrate  the  above  concept  will  follow. 
Assuming  a  system  with  only  one  TRU,  the  spare  requirements 
data  as  computed  by  the  model  would  be: 


WUC  DMDMEAN ( X .  )  XBO  AV  STK  DPIPE  TOTAL  COND 

FAAAO  .67  1  .18  .9129  1  21  7 

System  AV  ■  .913 


where  DPIPE  is  the  number  of  spares  required  for  the  depot 
pipeline  and  TCOND  is  the  number  of  units  condemned. 

The  target  system  availability  was  .9.  Note  that 
the  system  availability  is  the  same  as  the  TRU  AV  since 
there  is  only  one  TRU.  The  model  was  examined  again  using 


two  TRUs 

with  the  following 

results 

* 

WUC 

DMDMEAN ( X  .  ) 

XBO 

AV 

STK 

DPIPE 

TOTAL  COND 

FAAAO 

.67  1 

.18 

.  9129 

1 

21 

7 

FAABO 

.02 

.02 

.9904 

0 

1 

1 

System 

AV  -  .904 

Note  that 

system  AV 

-  AV:  x 

av2. 

The  model 

was  again 

exercised  using 

three 

TRUS. 

The  results 

were : 

WUC 

DMDMEAN ( X . J 

XBO 

AV 

STK 

DPIPE 

TOTAL  COND 

FAAAO 

.67  1 

.04 

.9821 

2 

21 

7 

FAABO 

.02 

.02 

.9904 

0 

1 

1 

FAACO 

.44 

.01 

.9944 

2 

13 

10 

System  AV  *  AV^ 

X  AV2  X 

av3  - 

.967 

Target  Availability  was  * 

.9 

Note  that  in  order  to  meet  the  target  availability,  FAAAO 
availability  and  STK  level  were  increased.  The  STK  level 
of  TRU  FAAAO  was  increased  to  2  and  this  resulted  in  its 
availability  AV  increasing  to  .9821.  The  reason  the  STK 
for  FAAAO  was  increased  rather  than  FAABO  or  FAACO  was 
that  it  was  more  economical  to  increase  the  availability 
of  this  component  in  order  to  meet  the  target  availability 
criteria.  Having  established  the  required  STKs  for  N 
number  of  TRUs  to  meet  the  system  availability  requirement 
the  cost  can  be  found  by 

N 

M  I  STK.  UC. 
i-1  1  1 

where  M  is  the  number  of  bases  and  UC^  is  the  unit  cost 
for  the  ifc^  TRU.  The  cost  for  all  TRU  spares  would  then  be 


N 

M  E  STK . (UC ,  ) 
i-1  1  1 


N 

+  Z  (POH) (QPA  ) ( 1-RIP , ) ( 1-DCOND  ) (DRCT) 

- ± - i - i -  u,“i 

MTBF.  * 


+  ?  (TOHMQPAi)  (l-RIPi)  (DCONDJ  ^ 


i-1 


WTBF, 


The  on 


equipment  maintenance  cost  equation  C as  shown  in  Table  2, 
pertains  to  the  cost  of  all  maintenance,  both  corrective 
and  preventive,  that  is  performed  on  the  ATE  without  removal 
of  any  equipment. 

The  term, 

(TOH) (QPAi) 

MTBF~ 

refers  to  the  number  of  failures  of  like  items  over  the 
life  of  the  ATE  (TOH) .  The  manhours  expended  per  failure 
at  base  level  consist  of  preparation  and  access  manhours 
(PAMH) ,  manhours  to  repair  a  failure  in  place  (RIP) (IMH) , 
and  manhours  to  remove  and  replace  a  TRU  sent  to  the  depot 
for  repair  (1-RIP) (RMH) ;  RIP  being  the  fraction  of  TRUs 
which  can  be  repaired  in  place.  Therefore,  the  corrective 
maintenance  costs  for  one  TRU  using  a  base  labor  rate  of 
BLR  is. 

(TOH) (QPA . ) 

"  - wbT  J  '  tPAMH1+RIPi(IMHi) 

♦  (l-RIPi) (RMHi) ]  (BLR) 

The  corrective  maintenance  costs  for  (n)  number  of  TRUs  is 


n 

-  E 

i-1 


l  TOH) (CPA  ) 

- STgF-J-  [PAMH^RIP^IMH^ 


♦  (1-RIP^  (RMHt)  ]  (BLR) 


The  next  element  to  be  addressed  is  the  cost  of 
preventive  maintenance  which  is, 

(SMH)  (BLR) 

where  SMI  is  the  interval  between  preventive  maintenance 
TOH 

actions,  and  is  the  number  of  preventive  maintenance 

actions.  SMH  is  the  average  manhours  required  to  perform 
the  preventive  maintenance  action,  and  BLR  is  the  base  labor 
rate.  The  total  cost  for  all  on-equipment  maintenance  would 
then  be 


n 

-  E 

i-1 


(TOH) (QPA, » 

"  Kf8r-—  iPAMVRXP^IMHi) 


♦  (l-RIPi) (RMHi) ]  (BLR) 


♦  (SMH)  (BLR) 


Off-Equipment  Maintenance  Costs  (Cj) .  The  off- 
equipment  maintenance  cost  equation  is  shown  in  Table  3. 
Cj  includes  the  maintenance  manhours  to  repair  components 
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TABLE 


whieh  have  Been  removed  from  the  ATE.  The  term 

(TOH) (QPAi) (l-RIPi) 

KTBFi 

refers  to  the  failed  items  returned  to  the  depot  for  repair. 
The  cost  to  benchcheck  each  failed  TRU  is  (DBCMH ) (DLR) 
and  the  cost  to  repair  the  TRU  that  has  not  been  condemned 
is 


(l-rx:ONDi  )  (  (DMH^)  (DLR+DMR)  ♦  (DMC ^ )  (UCJ  ] 

where  ( 1-DCOND^ )  is  the  fraction  of  TRUs  not  condemned  at 
the  depot,  DMH  is  the  manhours  to  repair  the  TRU,  (DLR+DMR) 
is  the  cost  per  manhour  to  repair  the  TRU  including  the  cost 
of  the  base  consumable  material  consumption  rate  (DMR) , 
expressed  in  dollars  per  hour,  and  (DMC^) (UCi>  is  the  cost 
of  stockage  and  repair  of  TRU  subassemblies.  The  TRU 
transportation  cost  from  the  bases  to  the  depot  is  divided 
into  overseas  (PSO)  and  CONUS  (PSC)  rates.  The  combined 
transportation  rate  is 

(PSC) (1-OS)  ♦  (PSOJ(OC), 

where  OS  is  the  fraction  of  bases  overseas.  The  one-way 
transportation  cost  would  be 


((PSC) (1-OS)  ♦  (PSO) (OS) 1  (1.3SW.) 


where  1.35  is  the  package  weight  of  each  TRU.  The  total 
two-way  transportation  cost  would  be 


2[ (PSC) (1-OS)  ♦  (PSO)  (OS)  )  (1.35  WJ 

The  off-equipment  maintenance  cost  for  n  TRUs  would 

then  be 


?  (TOH) (QPA  ) (1-RIP. ), 

i-i - SfiFp - HI(DBCMHi)(DLR» 

K)  ^(DMH^J  (DLR+DMR)  ♦  (DMCJ  (UC^j 


♦  (1-DCOND, 


2[  (PSC)  (1-OS)  ♦  (PSO)  (OS)  ]  (1.  35  »T)  } 

Inventory  Management  (C^).  The  inventory  manage¬ 
ment  cost  equation  includes  all  factors  that  can  be  attri¬ 
buted  to  new  inventory  life  cycle  costs  based  on  the  number 
of  spares  estimated  to  have  been  required.  The  computer 
equation  and  variable  definitions  are  shown  in  Table  4. 

The  cost  to  enter  the  N  TRUs  and  items  within  the  TRU  into 
the  government  inventory  is 

N 

( IMC  ♦  (PIUP) (RMC) )  r  (PP,+1> 

i-1  1 


where  IMC  is  the  initial  management  cost,  (PIUP) (RMC)  is 
the  recurring  management  cost  over  the  life  of  the  system, 


and  PP  is  the  number  of  new  consumable  items  within  a  TRU. 


The  base  supply  management  cost  for  n  TRUs  over  the  life 
of  the  system  at  M  number  of  bases  is 


1PIUP) IM) ISA) (N) 

where  SA  is  the  annual  base  supply  management  cost  per 
TRU.  The  total  cost  then  for  inventory  management  is 

N 

(IMO(PIUP)  (RMC)J  I  (pp  +1)  ♦  (PIUP)  (M)  (SA)  (N) 

1-1  1 

Cost  of  Support  Equipment  (C,.)  .  The  complete 
equation  and  variable  definitions  for  the  cost  of  support 
equipment  are  shown  in  Table  5.  Equation  contains  those 
variables  wnich  pertain  to  the  cost  of  new  peculiar  items 
necessary  to  support  the  ATE.  In  order  to  compute  the  sup¬ 
port  equipment  cost  it  is  first  necessary  to  determine  the 
number  of  test  equipment  required.  This  is  done  using  the 
queueing  theory  equation 

X 

n  "  ou 

where  n  -  number  of  servers 

X  -  workload  arrival  rate 
u  -  service  rate  of  one  server 


o  -  combined  utilization  rate  of  one  server 
For  this  particular  application,  n  is  the  number  of  pieces 
of  support  equipment  which  will  be  required  to  support  the 
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TABLE  5--Continued 
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the  depot  workload.  The  depot  workload  arrival  rate,  X, 
will  be 

IPOH) (QPAi) (l-RIPi) 

MTBFi 

where 

(POH) (QPAi) 

MTBF  i 

is  the  total  number  of  failures  and  (1-RIP J  is  the  frac¬ 
tion  of  failures  which  cannot  be  repaired-in-place.  The 
service  rate,  u,  will  be 

(DAA) (1-DOWN J 

(DBCMHj  +  (i-DCOND^  (DMHJ  ] 

where  DAA  represents  the  manhours  available  per  man  at  the 
depot,  ( 1-DOWN is  the  fraction  of  time  the  j**1  item  of 
support  equipment  will  be  operational  and 

(DBCMH^  +  (1-DCOND^) (DMH^) ] 

represents  the  manhours  to  benchcheck  and  repair  the  ifc^ 
TRU. 

The  combined  utilization  rate  p  of  the  support 
equipment  is  defined  as  DUR^.  Since 
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and  substituting  the  support  equipment  variables,  the  fol¬ 
lowing  equation  is  obtained. 


(POH) (QPAi) (l-RIPi) 
MTBF. 


n  ■ 


(DUR 


DBCMH . 


(DAA)  (1-DOWN^) 


( 1 -DCOND i ) DMH 


7. 


Simplifying,  the  number  of  pieces  of  support  equipment 
required  becomes 


(POH)  (QPA1>  ( 1-RIP)  ifDBCMHi+(l-DCOND.)(DMHi)  ] 

0  "  (DURj)  (DAAJ  (MTBF^  (1-DOWN^) 

The  cost  of  each  item  of  support  equipment  will  be 
designated  CADS  and  the  cost  to  maintain  the  support  equip¬ 
ment  over  the  life  of  the  ATE  will  be  defined  as 

(PIUP) (COD ^ ) (CAD j ) , 

where  COD.,  is  the  annual  cost  to  maintain  the  support  equip¬ 
ment  (SE)  expressed  as  a  fraction  of  the  unit  cost  (CAD^) . 
Therefore,  the  cost  to  procure  and  maintain  the  jth  item 
of  SE  will  be 

(CAD j)+ (PIUP) (COD ^ ) (CAD j ) 

or  [1-MPIUP)  (COD)  j)]  (CADj) 
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TO 


The  cost  of  the  jth  item  of  SE  for  the  ith  TRU  would  then  be 
(POH)  (QPAi)  (l-RIPi)  (DBCMHi+(l-DCONDi)  (DMH^  ] 

— —  TO'”— ■  1  *■  *  ■  *  i^— TO— I  ■  I.  ■  I  * 

(DUR j ) (OAA) (MTBFi) ( 1-DOWN ^ ) 

[1  +  (PIUP) (COD. ) ] (CAD j ) 

Included  in  the  SE  co3t  is  the  cost  of  additional 
items  of  common  depot  support  equipment  (DCA) ,  cost  of 
additional  items  of  peculiar  depot  support  equipment  (DPA) , 
cost  of  additional  items  of  common  base  shop  support  equip¬ 
ment  per  base  (BCA) ,  and  the  cost  to  maintain  the  equipment 
over  the  life  of  the  ATE  (PIUP).  It  is  assumed  that  the 
annual  cost  to  maintain  the  equipment  is  10  percent  of  this 
combined  cost;  therefore,  the  cost  of  the  additional  equip¬ 
ment  is, 

[ DCA+DPA+M (BCA) ]  +  0.1  (PIUP) ( DCA+DPA+M ( BCA) ) 

where  M  is  the  number  of  bases. 

If  there  are  N  number  of  TRUs  and  K  number  of 
pieces  of  support  equipment  required  per  each  TRU,  then  the 
total  cost  of  SE  is 

?  (POH)  (QPA^  (l-RIPi)  {DBCMHi+  (l-DCONDi)  (DMH^  ) 
i-1  MTBF~ 

£  ( (1+PIUP) (COD^) (CAD^) 1 

j-1  (DUft.JT£>AAi  if-DOWNp"  + 

( 1+0.1 (PIUP) 1 [ DCA+DPA+M ( BCA)  1 
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Direct  productive  manhours  per  man  per  year  at  depot 


Similarly,  the  total  depot  maintenance  manhours  expended 
over  the  life  of  the  ATE  are 

n  (TOH) (QPA  ) (1-RIP,) 

i£1 - - —  (  (DBCMHi)*(l-DCONDi)  (DMH^)  ] 

(Refer  to  derivation  of  equation  C.j.) 

If  PMB  represents  the  base  direct  productive  man¬ 
hours  per  man  per  year,  PMD  the  depot  direct  productive 
manhours  per  man  per  year  and  PIUP  the  operating  life  of 
the  system,  then  the  number  of  personnel  required  annually 
to  maintain  the  ATE  is 

n  TOH 

-  (TOH)  (QPAJ  ((PAMH.  (♦(RIPi)  (IMH^f  (1-RIP^  (RJttT)]*  SHI  (SMH) 

1-1  ( Jfl’BF ,  )  (PIUP)  (PMB) 


+  "  (TOH)  (QPAi»  (1-RIPJ  (  (DBCMH^  (1-DCOND^  (DMH^)  ] 

i-1  (MTBF.) (PIUP) (PMD) 

If  TCB  is  the  cost  to  train  personnel  at  the  base,  TCD  is 
the  cost  to  train  personnel  at  the  depot,  and  TE  is  the 
cost  of  training  equipment,  then  the  total  personnel  train¬ 
ing  cost  (assuming  no  personnel  turnover)  is: 


TCB 

(PIUP) (P>©> 


-  (TOH)  (QPAil 
i-1  MTBF, 


(PAMi  MRIP^)  (D«,)-Ml-RIPx)  OWT) 


♦  TCP  r  (TOH)  (qPAi)  (1~RIP1>  t(DBO«  ♦(l-OOOND  )  (MU  l  ]  ♦  TE 
(PIUP)  (PM))  [i-1  MTBFi  1  1  1 
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However,  as  a  result  of  personnel  turnover,  additional 
training  costs  will  be  incurred.  If  the  annual  turnover 
rate  at  the  base  is  TRB  and  at  the  depot  is  TRD ,  then  the 
turnover  over  the  life  of  the  system  (not  including  the 
first  year)  is:  (PIUP-1) (TRB)  and  IPIUP-I) (TRD) ,  respec¬ 
tively.  Thus  the  final  expression  for  is: 


[1>  (PIUP-1*  (TRB)  ] - 

(PIUP) (PMB)  TCB 


n 

I  r 

1-1 


(TOH) (QPA^) ( 


(PAMHJ  +  (RIP »  (IMHx) 


WTBF 


'  1  fv> 

1  yt 

i 


♦(1-RIP.) (RMH.) ]  TOH 

- 1 — —  ♦  M  's»»' 


] 


UXPIUP-1)  (TRD)  1 _ r  -  (TOH)  (QPA.  )  (1-RIP  ) 

(PIUPI  (PMD)  ,TCD'[1;1 - jjfl^ - - 


[DBCMH  ♦  ( 1-DCOND  )(DMH  )  ]  ] 

- i - i - ♦  TE 

Cost  of  Management  and  Technical  Data  (C,) .  The 
equation  for  the  cost  of  management  and  technical  data 
includes  the  labor  costs  associated  with  the  preparation 
of  maintenance  forms  and  the  costs  of  acquiring  and  main¬ 
taining  necessary  technical  data.  The  complete  equation 
and  variable  definitions  are  shown  in  Table  7.  Every  cor¬ 
rective  maintenance  action,  whether  on-equipment  or 
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cost  per  original  page  of  technical  documentation 


of f-equipment,  requires  completion  of  maintenance  records. 

In  the  case  of  off-equipment  failure,  supply  transaction 
records  and  transportation  forms  have  to  be  completed. 

If  total  number  of  failures  over  the  life  of  the  ATE  is 

(TOH)  (QPA. ) 

mtb?7 

then  the  total  manhours  expended  per  failure  is 

[KRO  ♦  ( 1-RIP  ^ )  (SRVTR+MRF) )  . 

MRO  represents  average  manhours  per  failure  to  com¬ 
plete  the  on-equipment  maintenance  records,  MRF  represents 
average  manhours  to  complete  the  off-equipment  maintenance 
records,  SR  represents  average  manhours  per  failure  to  com¬ 
plete  the  supply  transaction  records  and  TR  represents 
average  manhours  per  failure  to  complete  the  transportation 
records.  The  fraction  of  off-equipment  maintenance  action 
is  ( 1-RIP^ ) .  The  cost  for  completion  of  the  maintenance 
and  supply  records  and  the  transportation  forms  for  N 
number  of  TRUs  is: 

?  (TOH)  (QPA . ) 

i“ 1 - mtsf  " [MRO*(l-RIPi)  ( SR+TR+MRF) ] BLR 

where  BLR  is  the  base  labor  rate. 

The  preventive  maintenance  actions  also  result  in 
manhours  expended  in  record  keeping.  The  total  number  of 


preventive  maintenance  actions  over  the  life  of  the  system 
is 

TOH 

SMI 

and  the  average  manhours  per  action  to  complete  the  on- 
equipment  maintenance  records  is  MRO.  If  the  percentage 
of  the  preventive  maintenance  time  associated  with  the 
completion  of  maintenance  and  supply  forms  is  10  percent, 
then  the  manhours  are  0.1  (SR+TR) ,  and  the  total  cost  for 
completing  forms  as  a  result  of  preventive  maintenance 
actions  is 

( MRO  +  0.11  SR+TR )  ]  BLR 

The  technical  data  cost  is  the  cost  of  maintaining 
the  organizational  and  depot  level  technical  orders.  The 
average  cost  to  maintain  a  page  of  either  the  organiza¬ 
tional  or  the  depot  level  technical  orders  is  TD.  If  the 
number  of  pages  of  the  organizational  level  technical 
orders  is  JJ  and  the  number  of  pages  of  the  depot  level 
technical  orders  is  H,  then  the  total  cost  of  maintaining 
the  technical  orders  is 


TD ( JJ+H) 


The  total  cost  of  management  and  technical  data  is 

then, 


"  (TOH) (QPAi> 
i-1  SFbfv 


(MRO-*- (1-RIP  i)  (SR+TR+MRF)  ]  BLR 


TOH 

SMI 


(MRO+O , 1 (SR+TR) ] BLR  ♦  TD(JJ+H) 


Calibration  Requirements  Cost  (CQ) .  This  equation 
was  derived  using  dimensional  analysis  (12).  The  equation 
is  shown  in  Table  8. 

For  the  purpose  of  the  equation  derivation  calibra¬ 
tion  occurs  at  two  levels,  system  level  and  TRU  level. 
Calibration  cost  is  the  sum  of  the  costs  at  the  two  calibra¬ 
tion  levels. 

The  system  level  variables  and  their  basic  units 
are  as  follows: 

1.  LIFE  (days) 

2.  SCI  (days/calibration) 

3.  SCMH  (MH/calibration) 

4.  CIVLR  (S/MH) 

5.  C  (S) 

where:  LIFE  is  the  operational  service  life  of  the  ATE  in 
days;  SCI  is  the  calibration  interval  in  days  per  calibra¬ 
tion;  SCMH  is  the  manhours  per  calibration;  CIVLR  is  the 
labor  rate  for  calibration  at  Class  IV  calibration  shop, 
in  dollars  per  manhour;  and  C  is  the  cost  for  calibration 
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in  dollars.  LIFE  and  SCI  take  into  account  that  calibra¬ 
tion  is  accomplished  on  a  calendar-time  basis. 

Since  there  are  five  variables  and  four  basic  units, 
there  is  one  dimensionless  Pi  term,  and 

nx  -  K1  -  (LIFE)a(SCI)b(SCMH)C(CIVLR)d{c)e  (1) 


n!  -  K1  -  (DAYS)*  <2Mf)b  (^)C  <^>  ($) 6  (2) 


Since  the  result  is  a  dimensionless  product,  then. 


(DAYS) 0 (CAL) °(MH)°(S)0  -  (DAYS) *  (DAYS) b  (CAL) "b 


(MH)C  (CAL) ~C  ($)d  (MH)"d  ($)® 


Then : 


a  ♦  b 


for  DAYS 


•  -b  -  c 


for  CAL 


-  c  -  d 


for  MH 


■  d  ♦  e 


for  S 


To  solve  these  four  equations  with  five  unknowns,  let  a  *  1 


Then : 


b  -  - 1 ;  c  ■  1;  d  -  1;  e  -  -1 


Substitution  in  (1)  yields 


K1  -  (LIFE) 1 (SCI)"1 (SCMH) 1(CIVLR) 1 (C)"1 
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solving  for  C 


C  -  K (LIFE) (SCMH) (CIVLR) / (SCI) ,  K-l/k1 

or  C81  -  (LIFE) (SCMH) (CIVLR) / (SCI) ,  K-l 

The  TRU  calibration  level  variables  and  their  basic 
units  are  as  follows: 


1. 

LIFE 

(days) 

2. 

TRUCI 

(days /calibration) 

3. 

TRUCMH 

(MH/calibration) 

4. 

CILR 

($/MH) 

5. 

CIILR 

($/MH) 

6. 

CIVLR 

(S/MH) 

7. 

CARF 

(repair /calibration) 

8. 

FICR 

(MH/repair) 

9. 

FIICR 

(MH/ repair) 

10. 

FIVCR 

(MH/repair) 

11. 

C 

($) 

where:  LIFE  is  the  operational  service  life  of  the  ATE  in 

days;  TRUCI  is  the  TRU  calibration  interval  in  days;  TRUCMH 
is  the  manhours  per  calibration;  CILR,  CIILR,  and  CIVLR 
are  the  labor  rates  for  calibration  at  Class  I,  II,  and  IV 
calibration  shop  respectively,  in  dollars;  CARF  is  the  pro¬ 
portion  of  repairs  per  calibration;  FICR,  FIICR,  and  FIVCR 
are  the  manhours  per  repair  at  Class  I,  II  and  IV  calibra¬ 
tion  shop  respectively;  and  C  is  the  cost  for  calibration 
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To  solve  these  five  equations  with  11  unknowns,  let 
h-0;  i  -  0»  j-Oj  e  ■  Oj  f  •  0>  a-  1 
Simultaneous  solution  of  the  five  equations  will  then  yield 
b  •  -1;  c  ■  1,  d  •  1;  k  ■  -1,  g  »  0 
Substitution  in  (3)  gives 

-  (LIFE) 1 (TRUCI) (TRUCMH) 1 (CILR) 1 (C) _1 
Solving  for  C 

C  -  (LIFE) (TRUCMH) (CILR) / (TRUCI) ,  1^  -  1 

or: 

C821  -  (LIFE) (TRUCMH) (CILR) /(TRUCI)  (5) 

If  we  now  let 

h  ■  0,  i  -  0,  j  •  0,  d  ■  0,  f  ■  0,  a  ■  1, 
solution  of  the  five  equations  will  yield 

b  ■  -1 ;  c  ■  li  e  ■  lj  k  ■  -1 ;  g  -  0 
Substitution  in  (3)  gives 

n2  -  (LIFE) 1 (TRUCI)”1 (TRUCMH) l(CIILR) I(C)’1 
Solving  for  C 

C  -  (LIFE)  (TRUCMH)  (CIILR) /(TRUCI)  ,  JIj  -  1 


C822  "  (LIFE) (TRUCMH) (CIILR) / (TRUCI) 

If  we  now  let 

h»0;  i  ■  0 ;  j  •  0?  d  ■  Oi  e  ■  0>  a  ■  1, 
solution  of  the  five  equations  will  yield 

b»~l;  c  -  1 ;  f  -  1 ;  k  -  - 1 ;  g  -  0 
Substitution  in  (3)  gives 

n3  »  (LIFE) 1 (TRUCI) ~l (TRUCMH) 1 (CIVLR) 1 (C) _1 
Solving  for  C 

C  -  (LIFE) (TRUCMH) (CIVLR) / (TRUCI) ,  °3  *  1 

or: 

Cg23  -  (LIFE) (TRUCMH) (CIVLR) /(TRUCI) 

If  we  let 

c  -  0;  e  -  0;  f  ■  0:  i  •  Oj  j  -  0*  a  -  1, 
solution  of  the  five  equations  will  yield 

b  -  -1;  g  •  1;  d  »  1;  k  -  -1;  h  ■  1 
Substitution  in  (3)  gives 

i!4  -  (LIFE)  1  (TRUCI)  (CILR)  1  (CARD  1  (FICR)  1  (C)  ” 


Solving  for  C 


C  -  (LIFE) (CILR) (CARD  (FICR) / (TRUC1) ,  -  1 

or: 

Cg24  -  (LIFE) (CILR) (CARF) (FICR) /(TRUCI)  (8) 

If  we  let 

c  -0;  d  -  0;  f-0;h»0;  j  ■  0;  a  -  1, 
solution  of  the  five  equations  will  yield 

b  ■  -1?  g  ■  1;  e  -  1;  k  -  -1;  i  -  1 
Substitution  in  (3)  gives 

n5  -  (LIFE) 1 (TRUCI) -1 (CIILR)1 (CARF) 1 (FIICR) 1 (C) “ 1 
Solving  for  C 

C  -  (LIFE) (CIILR) (CARF) (FIICR) /(TRUCI) ,  n?  -  1 

or: 

C8 25  *  (LIFE)  (CIILR)  (CARF)  (FIICR) /(TRUCI)  (9) 

If  we  let 

c-0;  d  *  0;  e»0:  h-0;  i  »0;  a  ■  1, 
solution  of  the  five  equations  will  yield 

b  -  -1;  g  -  1;  f  -  1;  k  -  -1;  j-1 
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Substitution  in  (3)  gives 

ng  -  (LIFE)  1  (TRUCI)-1  (CIVLR)1  (CARF)1  (FIVCR)  ^C)"1 
Solving  for  C 


C  -  (LIFE) (CIVLR) (CARF) (FIVCR) / (TRUCI) ,  II  -  1 

6 

or: 

Cg,6  -  (LIFE) (CIVLR) (CARF) (FIVCR) / (TRUCI)  (10) 

By  experience  we  can  write 


C82  "  C 8 2 1  +  C822  +  C823  +  C824  +  C825  +  C826 

Then,  from  (5),  (6),  (7),  (8),  (9),  and  (10) 

^  _  (LIFE) (TRUCMH) (CILR)  .  (LIFE) (TRUCMH) (CIILR) 

82  (TRUCI )  *  - rfRUCI) - 

A  (LIFE) (TRUCMH) (CIVLR)  .  (LIFE) (CILR) (CARF) (FICR) 

(TRUCI)  +  - (TRUCI) - 

*  (LIFE) (CIILR) (CARF) (FIICR)  (LIFE) (CIVLR) (CARF) (FIVCR) 
(TRUCI)  +  (TRUCli - 


LIFE  ( 

C82  "  T1^7 \(TRUCMH)  1  (CILR,MCIILR,  +  (riVLR)  J  ♦  (CARF) 

( (CILR) (FICR) ♦ (CIILR) (FIICR)  ♦  (CIVLR) (FIVCR) ] 
As  stated  above, 
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'8 


■  (LIFE)  (SOU)  (CIVLR)  LIFE 


SCI 


TOUCI 


|  (TRUOW)  [  (CILR) ♦  (CIILR)  ♦  (CIVLR)  ]  ♦ 


(CARF)  (  (CILR)  (FICR)-MCIIJl)  (FIICR)  + (CIVLR)  (FI\CR))| 


Then  above  equation  Cg  holds  for  one  system  and  one  TRU.  If 
we  take  into  account  all  systems  within  the  ATE  and  all  TRUs 
within  the  systems,  the  Cg  would  be 


C 


8 


NSYS 

r 

i-l 


(LIFE)  (SCMT)  (CIVLR) 

TscTi 


LIFE 

(TRUCI^) 


^(TRUOIH.)  [CILR) ♦  (CIILR) ♦  (CIVLR)]  + 

(CARF)  [  (CILR)  (FICR)  + (CIILR)  (F I  ICR)  ♦  (CIVLR)  (FIVCR)  ]  j 

where  NSYS  is  the  number  of  systems  within  an  ATE  and  L  is 
the  total  number  of  TRUs  for  all  systems. 

If  the  TRUs  are  aggregated  by  system,  then 


C 


8 


NSYS 

E 

i-l' 


(LIFE)  (SWi)  (CIVLR) 

IxT~) 


NTRU 


LIFE 

(TRUCI.J 


|  (THUCML  j ){  (CILR)  +  (CIILR)  •♦CIVLR)  ]  ♦ 

(CARF)[  (CILR)  (FICR)  +  (CIILR)  (FIICR) ♦  (CIVLR)  (FTVCR)]| 

where  NTRU  is  the  number  of  TRUs  within  a  system. 

If  we  consider  that  the  system  might  have  identical 
TRUs  and  QPA  represents  the  number  of  identical  TRUs  within 
the  system,  and  N  represents  the  number  of  different  TRUs 
within  the  system. 
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Then, 


c“  •  iU 


N?YSy  (LIFE)  (SWi)  (CIVLR)  *!  (LIFE)  (QPAi i ) 
i-i  (  IscTT  +  j-i  nwn^i^ 


|(mXMT  ^  (CHJVKTI TLR+CTVIR)  + 


CARF(  (CILR)  (FICR)  ♦  (CIILR)  (FI ICR)  ♦  (CIVLR)  (FTVCR)  ] 


If  LIFE  -  365  PIUP 


Then, 


MCVC  M 

Cn  m  T  f  365  (PIUP)  (SWt)  (CIVLR)  "  365  (PIUP)  (QPA^) 

i-1  '  (SCIi )  +  j-1  (TRUClTTr^- 

{(TRUCMT  ■)  (CILR+CIILR+CIVLR)  ♦ 

CARFl  (CILR)  (FICR)  +  (CIILR)  (FI ICR)  +  (CIVLR)  (FIVCR)  ]  }  J 

If  a  TRU  goes  for  calibration  to  a  particular  calibration 
level  only,  then, 

C  -  >  365 (PIUP)  (S)fl.)  (CIVLR)  ?  365 (PIUP)  (QPA.  ,) 

8  i-i  ( - TS&? - *£i - iroci-.)11 

|(TROO«ij)(  (Cl)  (CILR)  ♦  (CII)  (CIILR)  ♦ 

(CIV)  (CIVLR)  1  +  (CARF) )  ( (Cl)  (CILR)  (TICR)  + 

(CII)  (CIILR)  (FIICR)  ♦  (CIV)  (CTVLP.)  (FIVCR)  ]|| 

where  Cl,  CII,  and  CIV  can  be  0  or  1. 
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9.  A  cross-reference  of  the  TRU  work  unit  code  and 


the  noun  identification. 


A  sample  output  of  OSCATE  is  contained  in  Appendix  F. 


Sensitivity  Analysis 


The  variables  that  were  selected  for  sensitivity 


analysis  were  those  which,  in  the  opinion  of  the  authors. 


the  contractor  has  some  degree  of  control  over  during  design 


of  the  ATE.  By  using  the  proposed  model  to  analyze  the 


variables  to  which  Logistic  Support  Cost  (LSC)  is  most 


sensitive,  a  contractor  could  improve  equipment  LSC  through 


appropriate  design  changes. 


Many  of  the  trade-off  analyses  possible  using  OSCATE 


are  suggested  by  the  sensitivity  analysis  accomplished  dur¬ 


ing  this  research  effort.  The  following  areas  were 


addressed  in  this  analysis:  (1)  reliability  (MTBF) ,  (2)  main 


tainability  (maintenance  manhours) ,  (3)  repair  concept  (con¬ 


demnation  rate  and  repair  in  place  percentage),  and  (4) 


availability.  The  remainder  of  this  chapter  discusses 


results  of  the  sensitivity  analysis  in  these  areas. 


Mean  Time  Between  Failure  (MTBF) 


The  first  variable  that  was  analyzed  was  MTBF.  The 


MTBF  of  each  TRU  was  varied  from  100  percent  to  500  percent 


of  its  baseline  MTBF.  For  example,  if  the  baseline  MTBF 


for  a  particular  TRU  was  1000  hours,  its  value  at  200  per¬ 


cent  was  2000  hours  and  at  300  percent  its  MTBF  was 


■  i  i  ■  i.i  I,.  ,  I.  i'irfiri  'i 


* 


_ _ 

■ — - 

UN IT  COST 

MTBF 

rfnit’  Cnmt  ICm»TC\ 

will  W  vUS  L  l N-  a  1  f 

Total  Cost 

— 

Optimum  Cost 

Pig 

.  3.  TLSC  vs.  MTBF  and  UC 

Repair  in  Place  (RIP) 

The  next  variable  analyzed  was  RIP.  This  variable 
was  chosen  because  the  contractor  has  some  latitude  in  the 
selection  of  components  which  can  be  repaired  without 
removing  the  failed  TRU.  The  RIP  variable  was  varied  from 
0.1  to  0.65.  A  graph  of  total  logistics  support  cost  versus 
RIP  is  shown  in  Figure  4.  It  can  be  seen  from  the  graph 
that  as  RIP  was  increased  the  total  logistics  support  cost 
decreased.  If  RIP  was  increased  it  would  be  expected  to 
cause  an  increase  in  on-equipment  maintenance  costs,  a 
decrease  in  the  off-equipment  maintenance  costs,  and  a 
decrease  in  TRU  spares  requirement.  Thin  result  would  be 
based  on  the  assumption  that  a  constant  TRU  MTBF  was  main¬ 
tained  as  the  fraction  of  in-place  maintenance  actions 
increased.  Realistically,  the  higher  the  RIP  value  is,  the 
lower  the  MTBF.  Consequently,  the  designer  will  have  to 
make  a  tradeoff  between  increasing  his  maintainability  or 
decreasing  his  reliability  in  order  to  minimize  total  logis¬ 
tics  support  cost.  Other  considerations  must  enter  into  this 
decision,  such  as  the  skill  level  of  the  technicians  perform¬ 
ing  the  maintenance,  and  the  possible  addition  of  extra  base 
support  equipment  to  facilitate  the  RIP  maintenance  actions. 
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Preparation  and  Access  (PAMH) , 

Corrective  Maintenance  (IMH) , 

Fault  Isolation  and  TRU 
Removal  Manhours  ( RMH ) 

The  variables  which  affect  on-equipraent  maintenance, 
PAMH,  IMH,  and  RMH ,  were  varied  to  evaluate  the  sensitivity 
of  total  logistics  support  cost  to  them.  The  degree  of 
maintainability  at  field  level  was  shown  to  affect  the  total 
logistics  support  cost.  As  can  be  seen  from  the  graph. 

Figure  5,  of  total  logistics  support  cost  versus  PAMH,  IMH, 
and  RMH,  a  decrease  in  the  degree  of  maintainability  (higher 
manhours  for  PAMH,  IMH,  and  RMH)  increased  the  total  logis¬ 
tics  support  cost.  This  output  was  based  on  the  assumption 
that  only  10  percent  of  all  failures  (RIP-.l)  can  be  repaired 
in  place.  The  increase  in  total  logistics  support  cost  was 
due  to  the  increase  in  on-equipment  maintenance  costs. 

Based  on  the  results  of  the  sensitivity  analysis  with 
OSCATE,  logistics  support  costs  are  not  particularly  sensi¬ 
tive  to  changes  in  maintainability.  Also,  since  any 
increase  in  maintainability  would  probably  result  in  higher 
system  acquisition  cost,  this  does  not  appear  to  be  a  fruit¬ 
ful  area  for  the  designer  tc  pursue. 

TRU  Condemnation  Rate  (DCOND) 

Another  variable  that  the  designer  has  some  control 
over  is  the  TRU  condemnation  rate  (DCOND) .  The  DCOND  for 
the  TRU  depends  on  the  component  selection  philosophy. 

DCOND  was  first  varied  from  .05  to  .8.  Figure  6  shows  the 
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Manhours 


(PAMH ,  IMH,  RMH) 
In-place  Maintenance  Manhours 


POH  -  20,000 
TARGAVAL  -  .90 


5.  TLSC  vs.  PAMH  IMH  RMH 


Baseline 

>  10  x  Unit  Cost 


POH  -  20,000 
TARGAVAL  -  .90 


_ Baseline  Unit  Cost 


graph  of  total  logistics  support  cost  versus  DCOND  rate. 
It  can  be  seen  that  as  DCOND  increases,  TLSC  decreases. 


The  effect  of  DCOND  on  the  total  logistics  support  cost, 
however,  is  also  dependent  on  the  unit  cost  of  the  TRU. 

As  the  unit  cost  of  the  condemned  TRU  increases,  the 
logistics  support  cost  increases  correspondingly.  In  fact, 
when  all  the  individual  TRU  costs  were  increased  ten-fold, 
the  total  logistics  support  cost  increases  as  DCOND 
increases  (see  Figure  6) .  The  designer  must  be  aware  of 
this  interrelationship  in  making  design  tradeoffs  concern¬ 
ing  repair  or  discard  decisions. 

Base  Level  Spares  Availability 
Objective  (TARGAVAL* 

Although  the  designer  does  not  have  control  over 
this  variable,  since  it  is  the  base  level  spares  availabil¬ 
ity  objective  required  by  the  government,  he  does  have  con¬ 
trol  over  the  ultimate  unit  acquisition  cost.  the  TARGAVAL 
was  varied  from  .75  to  .99  ar.d  as  a  result,  the  logistics 
support  cost  varied  from  $15.71  million  to  $16.40  million 
(see  Figure  7).  This  increase  in  the  logistics  support 
cost  results  from  the  additional  spares  required  to  meet  the 
TARGAVAL.  It  should  be  emphasized  that  TARGAVAL  affects 
only  base  level  spares  requirements.  The  reason  the  change 
in  logistics  support  cost  seems  insignificant  to  changes 
in  TARGAVAL  is  that  the  base  stock  level  requirements  are 
small  compared  to  the  number  of  spares  required  to  fill  the 


depot  pipeline.  TARGAVAL  was  again  varied,  but  this  time 
the  TRU  unit  cost  was  increased  by  100  percent.  Logistics 
support  cost  increased  significantly  but  the  change  in 
logistics  support  cost  to  changes  in  TARGAVAL  were  not  sig¬ 
nificant.  Since  the  LSC  model  is  not  very  sensitive  to 
changes  in  TARGAVAL,  the  government  decision-maker  does  not 
have  much  flexibility  in  making  tradeoff  studies  between 
the  base  spares  availability  objective  and  logistics  support 
costs . 


Summary 

As  stated  earlier  in  this  chapter,  a  model  is  only 
valid  for  a  specific  purpose  and  only  within  a  certain  set 
of  parameters.  Sensitivity  analysis  was  conducted  using 
OSCATE  to  determine  the  purpose  and  parameters  of  the  model. 
The  variables  that  were  used  in  this  analysis  included 
MTBF ,  RIP,  PAMH/IMH/RMH,  DCOND ,  and  TARGAVAL.  The  effect 
of  changes  in  each  of  these  variables  on  the  total  logis¬ 
tics  support  cost  was  observed. 

The  changes  that  were  made  to  MTBF  had  the  great¬ 
est  effect  on  total  logistics  support  cost  in  the  lower 
ranges  of  MTBF.  The  total  logistics  support  cost  followed 
an  exponential  curve  in  response  to  changes  in  MTBF.  The 
changes  in  logistics  support  cost  as  the  result  of  changes 
in  RIP  indicated  a  linear  relationship  of  decreasing  LSC 
to  increasing  values  of  RIP.  However,  it  was  pointed  out 
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CHAPTER  VI 


CONCLUSIONS  AND  RECOMMENDATIONS 

The  Operation  and  Support  Cost  Model  for  Automatic 
Test  Equipment  (OSCATE)  developed  as  a  result  of  this  study 
has  the  potential  for  being  a  valuable  tool  in  ATE  acquisi¬ 
tion.  However,  the  model  must  first  be  validated.  After 
validation,  potential  model  users  must  be  instructed  on 
when,  where,  and  how  to  use  the  model,  considering  model 
assumptions  and  limitations.  These  issues  will  be  discussed 
in  this  chapter,  which  will  end  with  recommendations  for 
further  research  in  the  area  of  Life  Cycle  Cost  (LCC) 
models  for  ATE. 


Potential  Model  Uses 

The  OSCATE  model  developed  in  this  research  effort 
can  be  used  to  estimate  and  measure  operation  and  support 
costs  for  ATE.  Since  ATE  is  the  major  cost  item  within 
support  equipment  and  operation  and  support  costs  make  up 
60  percent  or  more  of  Life  Cycle  Cost,  OSCATE  can  be  an 
important  addition  to  LCC  techniques  applied  to  ATE.  For 
example,  it  can  serve  as  a  useful  tool  in  evaluating  ATE 
operation  and  support  costs  during  source  selection  of  ATE 


contractors . 


OSCATE  can  also  be  used  to  aid  in  award  fee  deter¬ 
mination  or  establish  criteria  for  penalty  clauses,  when 
the  model  is  used  in  conjunction  with  the  Logistics  Support 
Cost  Commitments  discussed  in  Chapter  II.  Additionally, 
OSCATE  can  be  used  for  evaluation  of  engineering  change 
proposals,  where  GtS  cost  changes  are  a  consideration 
in  ECP  approval. 

Other  areas  where  OSCATE  may  prove  useful  include 
the  investigation  of  tradeoffs  concerning  technician 
training,  the  evaluation  of  repair-discard  options,  and  the 
determination  of  optimum  balances  between  preventive, 
remedial,  and  on-condition  maintenance. 

Model  Limitations 

The  OSCATE  model,  not  unlike  other  accounting  models 
has  limitations  the  potential  user  must  be  aware  of. 

OSCATE  does  not  necessarily  project  the  actual  increment 
of  LSC  that  results  from  introducing  the  proposed  ATE  into 
the  Air  Force  inventory.  It  is  only  a  representative  figure 
for  real  costs  of  logistics  support.  The  model  only  gives 
a  summary  of  the  cost  impacts  of  projected  demands  for 
support  resources,  but  will  not  address  the  interdependence 
of  those  resources.  The  user  should  understand  that  the 
model  is  not  meant  to  be  a  substitute  for  comprehensive 
support  planning. 


*  When  using  this  model,  the  risk  considerations  con¬ 
cerning  estimation  and  verification  of  TLSCs  and  MLSCs, 
respectively,  mentioned  in  Chapter  III,  should  be  under¬ 
stood.  In  order  to  reduce  the  statistical  risk  involved 
during  verification,  the  number  of  parameters  to  be  veri¬ 
fied  can  be  reduced  or  the  parameters  from  an  aggregate 
number  of  TRUs  can  be  verified  instead  of  treating  indi¬ 
vidual  TRUs. 


Other  Considerations  in  Model  Use 
One  of  the  prime  considerations  when  using  this 
model  in  the  acquisition  process  is  the  problem  associated 
with  the  government  obtaining  variable  data  for  use  in  the 
OSCATE  model.  Therefore,  it  is  recommended  that  the  OSCATE 
model  be  provided  to  the  prospective  contractors  as  part  of 
the  Request  for  Proposal.  The  contractor  should  be 
required  by  the  Statement  of  Work  (S0W1  or  Work  Specifica¬ 
tion  to  use  OSCATE  to  obtain  operation  and  support  cost 
estimates  which  would  become  contractually  binding  should 
the  contractor  be  selected  as  the  full-scale  development 
contractor. 

Other  considerations  when  using  the  OSCATE  model 
are  availability  of  data  needed  to  exercise  the  model,  user 
understanding  and  acceptance  of  the  model,  and  knowledge 
of  the  model  assumptions. 
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Availability  of  Data 

Plans  should  be  made  as  early  as  possible  to  obtain 
data  necessary  to  establish  values  for  all  the  variables 
which  will  be  used  when  exercising  the  model.  One  of  the 
main  problems  encountered  during  the  development  of  OSCATE 
was  the  availability  of  data.  The  data  used  to  exercise 
the  model  was  primarily  field  data  obtained  from  the  D056 
Product  Performance  Collection  System.  This  data,  part 
of  the  Maintenance  Data  Collection  System  (AFM  66-1),  was 
not  readily  available  in  a  useable  form.  A  significant 
amount  of  time  and  effort  was  required  to  extract  and  com¬ 
bine  data  from  several  computer  output  products.  In  addi¬ 
tion,  several  data  items  such  as  the  total  operating  hours 
of  the  equipment,  the  condemnation  rate,  and  the  fraction 
of  repair  in  place  maintenance  actions  were  not  available 
because  they  are  not  normally  included  items  in  the  Main¬ 
tenance  Data  Collection  System.  Another  aspect  of  data 
limitation  was  the  problem  of  maintaining  control  by  func¬ 
tional  rather  than  systemic  areas. 

The  field  data  which  was  obtained  was  primarily 
broken  out  in  accordance  with  the  weapon  system  ATE  Work 
Unit  Code  Manual  (29).  One  notable  exception  to  this  was 
in  the  area  of  calibration  requirements.  The  wcrk  unit 
codes  assigned  to  TRUs  requiring  calibration  were  different 
than  those  listed  in  the  weapon  system  ATE  manual.  Further¬ 
more.,  if  the  calibrated  TRU  is  used  on  several  other 
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systems,  it  is  virtually  impossible  to  discern  the  calibra¬ 
tion  actions  attributable  to  each  specific  system. 

This  same  type  of  problem  occurs  under  the  D056 
system  where  an  item  of  a  particular  stock  class  is  sent  to 
the  depot  for  repair  or  calibration.  When  the  repair  or 
calibration  is  completed,  the  action  is  charged  against 
that  particular  stock  class  and  not  against  the  Automatic 
Test  Equipment.  By  collecting  data  functionally  rather  than 
by  system,  valuable  information  is  obscured  if  not  totally 
lost. 

User  Understanding  and 
Acceptance  of  the  Model 

First  and  foremost  the  potential  user  of  OSCATE 
should  be  acquainted  with  the  purpose  for  which  the  model 
was  developed.  OSCATE  is  intended  as  a  tool  in  the  Life 
Cycle  Cost  (LCC)  technique  which  has  as  its  ultimate  goal 
the  design,  development,  and  acquisition  of  systems--in  this 
case  ATE--with  lower  life  cycle  costs.  In  addition,  the 
user  of  this  model  should  be  familiar  with  variables 
involved,  the  sensitivity  of  the  model,  and  the  values  of 
parameters  that  are  furnished  to  a  contractor.  The  values 
of  parameters  like  TARGAVAL  furnished  to  a  contractor  should 
be  responsible,  meaningful,  and  attainable. 

It  is  not  enough  for  a  contractor  to  use  this  model 
for  estimating  O&S  costs  of  his  equipment  if  provisions 
have  not  been  made  to  verify  this  estimate.  Therefcie,  it 
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it  is  important  that  an  evaluation  plan  be  established 
which  the  contractors  understand,  is  acceptable  to  both 
parties  and  which  can  be  verified.  The  contractor,  also  as 
a  user  of  the  OSCATE,  has  to  have  complete  knowledge  of  how 
his  results  are  to  be  evaluated. 

Model  Assumptions 

The  assumptions  which  were  made  in  development  of 
this  model  should  not  be  taken  lightly.  Neglecting  these 
assumptions  can  lead  to  misinterpretation  of  the  model  output 
and  could  lead  to  problems  or  disagreements  between  the 
government  and  the  contractor.  Both  parties  should  be 
aware  of  the  assumptions  since  they  form  the  basis  for  some 
of  the  most  critical  computations.  Such  is  the  case  of  the 
assumptions  which  were  made  (reference  Chapter  IV)  in  cal¬ 
culating  the  TRU  spares  requirements.  Other  assumptions 
regarding  (1)  variables  such  as  the  Peak  Operating  Hours 
(POH) ,  (2)  the  maintenance  technician  quantities  and  skills, 
and  (3)  the  maintenance  concept,  have  to  be  considered  when 
OSCATE  is  to  be  employed. 

Recommendations  for  Further  Study 

During  the  development  of  the  model  several  topics 
were  considered  for  research  which  were  outside  the  scope 
of  this  thesis,  but  warrant  further  investigation.  Emphasis 
should  be  placed  upon  these  areas  when  conducting  future 
research.  These  areas  are: 
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1.  Model  validation 


2.  Development  of  Equation  for  software 

3.  Test  assumptions  regarding  availability  of  ATE 

4.  Establishment  of  an  information  system  to 
provide  data  for  the  model. 

Model  Validation 

Now  that  OSCATE  has  been  developed,  the  task  of 
validation  remains  to  be  performed.  The  purpose  of  valida¬ 
tion  is  to  test  how  well  the  model  represents  the  real  world. 
This  test  is  necessary  to  determine  if  any  modifications 
and/or  adjustments  need  to  be  made  to  the  model  and  to 
provide  some  level  of  confidence  in  OSCATE  estimates. 

It  is  suggested  that  future  researchers  choose  an 
existing  weapon  system  using  ATE  and  apply  OSCATE  to  his¬ 
torical  data  obtained  on  that  system.  Predicted  costs  from 
the  model  should  be  compared  to  actual  costs  established 
from  the  data.  In  addition  to  the  sources  of  data  cited 
in  this  research,  it  is  suggested  that  more  complete  data 
be  obtained  from  the  operational  bases,  contractor,  and 
applicable  depots. 

Additionally,  OSCATE  can  be  further  validated  by 
comparing  its  output  with  that  of  parallel  modeling  efforts 
conducted  in  the  civilian  sector. 


for  Software 

An  equation  for  determining  the  cost  of  software 
used  in  support  of  ATE  should  be  developed.  OSCATE  in  its 
present  form  does  not  address  the  cost  of  ATE  software  due 
to  the  limited  availability  of  data  in  this  area.  Indica¬ 
tions  are,  however,  that  software  costs  are  large  and  will 
increase  as  ATE  becomes  more  sophisticated. 

One  possible  approach  would  be  to  contact  several 
contractors  engaged  in  software  development  to  gain  insight 
into  how  they  estimate  software  costs.  Additionally,  the 
Computer  Research  Branches  at  the  ALCs  could  be  considered 
as  possible  sources  of  expertise.  Data  concerning  actual 
software  costs  could  be  obtained  from  contractors,  the 
support  equipment  SPO,  and  specific  weapon  system  SPOs. 

Test  of  Assumption  Regarding 
Availability  of  ATE 

Presently,  in  the  calculation  of  the  TRU  spares 
requirements,  the  assumption  is  that  any  failed  TRU  will 
render  the  ATE  inoperable.  This  is  a  simplifying  assumption 
that  is  valid  only  when  ATE  is  required  to  be  100  percent 
operational.  If  the  ATE  could  be  considered  functional  at 
operational  levels  less  than  100  percent,  it  would  be 
desirable  to  develop  the  capability  in  OSCATE  to  identify 
and  prioritize  those  TRUs  that  are  most  critical.  With  this 
capability  ATE  managers  could  then  give  special  attention  to 
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critical  TRUs  in  order  to  prevent  unacceptable  levels 
of  operability. 


appendix  a 

BASIC  LSC  MODEL  FRAMEWORK 
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The  following  is  an  outline  of  a  basic  LSC  frame¬ 


work  (6:1)  : 

•  Cost  of  initial  spare  items 

*  (Cost  of  base  repair  pipeline  spares)  ♦ 
(Cost  of  depot  repair  pipeline  spares) 


(M)  ( STK)  (UC) 


(PFFH) (UF) (QPA) (1-RIP) (NRTS) 
WTBF 


( DRCT)  (UC) 


C2  ■  Cost  of  on-equipment  maintenance 

■  (total  mean  number  of  failures)  x  (average  on-equipment 

repairs  cost  per  failure) 

-  [<TFFH>^^)<flPA>]  [(PAMH)f  (RIP)  (IMH)-H  1-RIP)  ( RHM)J  (BLR) 

Cj  ■  Cost  of  off-equipment  maintenance 

■  (total  mean  number  of  off-equipment  repairs)  x 
(average  cost  per  off-equipment  repair) 

[  '  MTBF  L][  (PTS) (BMH) (BLR+BMR)  ♦  (NRTS) 

(DMH)  (DLR+DMR)J 

where : 

BLR  is  the  base  labor  rate  (S/manhour); 

BMH  is  the  average  number  of  manhours  to  perform  inter¬ 
mediate  level  maintenance  on  a  removed  item; 

OLR  is  the  depot  level  rate; 
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DMH  is  the  average  number  of  manhours  to  perform  depot 
level  maintenance  on  a  removed  item; 

DMR  is  the  depot  consuiranable  material  consumption  rate; 

DRCT  is  the  average  depot  repair  cycle  time  in  months; 

IMH  is  the  average  number  of  manhours  to  perform  cor¬ 

rective  maintenance  of  the  item  in  place  or  on  line; 

M  is  the  number  of  operating  locations; 

MTBF  is  the  mean  time  between  failures  in  operating  hours; 

NRTS  is  the  fraction  of  removed  items  expected  to  be 

returned  to  depot  for  repair; 

PFFH  is  the  peak  force  flying  hours;  the  expected  total 
fleet  flying  hours  for  one  month  during  the  peak 
usage  period; 

QPA  is  the  quantity  of  like  items  within  the  parent 
system; 

RIP  is  the  fraction  of  item  failures  which  can  be 
repaired  in  place  or  on  line; 

RMH  is  the  average  number  of  nianhours  to  isolate  a  fault, 
remove  and  replace  the  item,  and  verify  restoration 
of  the  system  to  operational  status; 

RTS  is  the  fraction  of  removed  items  expected  to  be 
repaired  at  the  base; 

STK  is  the  stock  level  of  the  item  at  each  base; 

TFFH  is  the  expected  total  force  flying  hours  over  the 

program  inventory  usage  period; 

UC  is  the  negotiated  unit  cost  of  a  spare  item  as  of 

the  end  of  the  verification  test;  and 

UF  is  the  ratio  of  operating  hours  to  flying  hours  for 
the  item. 

BLR,  BMR,  DLR,  DMR,  DRCT,  M,  PFFH,  and  TFFH  parameters  are 

supplied  by  the  government.  BMH,  DMH,  IMH,  MTBF,  NRTS, 
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PAMH,  QPA,  R.TP,  RMH,  RTS,  'JC  and  UF  parameters  are  supplied 
by  the  contractor.  The  rest  of  the  parameters  are  computed 
by  the  model. 
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ATE  System  Variables* 


CARF  -  The  fraction  of  units  to  be  calibrated  that 

require  repair.  (C) 

IMC  -  Initial  management  cost  to  introduce  a  new  line 

item  of  supply  (ASSEMBLY  or  piece  part)  into  the 
Air  Force  inventory.  (S-$166 . 25/item)  ( AFLCR 
173-10) 

M  -  Number  of  intermediate  repair  locations 

(operating  bases) .  (P) 

MRF  -  Average  manhours  per  failure  to  complete  off- 

equipment  maintenance  records.  (S-.24  hours) 

MRO  -  Average  manhours  per  failure  to  complete  on- 

equipment  maintenance  records.  (S-.08  hours) 

NSYS  -  Number  of  systems  within  the  ATE. 

OS  -  Fraction  of  total  force  deployed  to  overseas 

locations.  (P) 

OST  -  Weighted  average  Order  and  Shipping  Time  in 

months.  The  elapsed  time  between  the  initiation 
of  a  request  for  a  serviceable  item  and  its 
receipt  by  the  requesting  activity.  For  CONUS 
locations,  S-0.394  months  (12  days)  input  as 
OSTCON.  For  overseas  locations,  S-0.526  months 
(16  days)  input  as  OSTOS.  (AFLCR  173-10) 

OST- (OSTCON) ( 1-OS) ♦ (OSTOS) (OS) 


NOTES :  (C)  -  contractor-furnished 

(S)  -  Government- furnished  standard  value 
(P)  -  Government- furnished  program-peculiar  value 
(AFLCR  173-10)  -  denotes  data  source  is  AFLCR  173-10;  all 

cost  factors  have  been  escalated  from  their 
respective  base  year  dollars  to  common 
FY79  dollars  using  the  OfcM  factors  found  in 
AFR  173-10,  Vol  I,  Table  49. 

*  The  categorization  of  variable  definitions  is 
consistent  with  variable  input  requirements  of  the  computer 
model . 
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PI  CP 


-  Operational  service  life  of  the  ATE  in  years. 
(Program  Inventory  Usage  Period)  (P) 

PMB  -  Direct  productive  manhours  per  man  per  year  at 

base  level  (includes  "touch  time,"  transporta¬ 
tion  time,  and  setup  time) .  (S*1728  hours/man/ 

year)  ( AFLCR  173-10) 

PMD  -  Direct  productive  manhours  per  man  per  year  at 

the  depot  (includes  "touch  time,"  transportation 
time,  and  setup  time).  (S-1728  hours/man/year) 
AFLCR  173-10) 

POH  -  Peak  Operating  Hours--expected  operating  hours 

for  one  month  during  the  peak  usage  period. 

(C) 

PSC  -  Average  packing  and  shipping  cost  to  CONUS  loca¬ 

tions.  (S-$0. 72/pound) (AFLCR  173-10) 

PSO  -  Average  packing  and  shipping  cost  to  overseas 

locations.  (S-$l . 49/pound)  (AFLCR  173-10) 

RMC  -  Recurring  management  cost  to  maintain  a  line 

item  of  supply  (assembly  or  piece  part)  in  the 
wholesale  inventory  system.  (S-S166 . 25/item/ 
year)  (AFLCR  173-10) 

SA  -  Annual  base  supply  line  item  inventory  manage¬ 

ment  cost.  (S-S8. 39/item)  (AFLCR  173-10) 

SR  -  Average  manhours  per  failure  to  complete  sup¬ 

ply  transaction  records.  (S-».25  hours) 

TARGAVAL  -  Base-level  spares  availability  objective  for 
ATE.  (Pi 

TD  -  Average  cost  per  original  page  of  technical 

documentation.  The  average  acquisition  cost 
of  one  page  of  the  reproducible  source  document 
(does  not  include  reproduction  costs) . 

(S-S200. 07/page)  (AFLCR  173-10) 

TOH  -  Expected  Total  Operating  Hours  over  the  Pro¬ 

gram  Inventory  Usage  Period.  (C) 

TR  -  Average  manhours  per  failure  to  complete 

transportation  transaction  forms.  (S-.16  hours) 
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TRB 

TRD 

UEBASE 

BCA 

BLR 

CASYS 

CIVLR 

DAA 

DCA 

DLR 

DMR 

DPA 


-  Annual  Turnover  rate  for  base  personnel. 

(S-.134) 

-  Annual  Turnover  rate  for  depot  personnel. 

(S-.15) 

-  The  number  of  unit  equivalent  ATE  per  operating 
base.  (P) 


Subsystem  Variables* 

-  Total  cost  of  additional  items  of  common  base 
shop  support  equipment  per  base  required  for 
the  system.  (C) 

-  Base  labor  rate,  including  indirect  labor, 
indirect  material  and  overhead.  (S-S15. 18/hour) 
(AFLCR  173-10) 

-  Number  of  systems  to  be  calibrated.  (C) 

-  Labor  rate  at  the  Class  IV  PMEL  lab.  (P) 

-  Available  work  time  per  man  at  the  depot  in 
manhours  per  month.  (S«168  hours)  (AFLCR 
173-10) 

-  Total  cost  of  additional  items  of  common  depot 
support  equipment  required  for  the  system. 

(C) 

-  Depot  labor  rate,  including  other  direct  costs, 

overhead  and  G6A .  (S-$2<> .  20/hour)  (AFLCR  173- 

10) 

-  Depot  consumable  material  consumption  rate. 
Includes  minor  items  of  supply  (nuts,  washers, 
rags,  cleaning  fluid,  etc.)  which  are  consumed 
during  repair  of  items  (S«$2. ll/hour)  (AFLCR 
173-10) 

-  Total  cost  of  peculiar  depot  shop  support  equip¬ 
ment  per  base  required  for  the  system  which  is 
not  directly  related  to  repair  of  specific  TRUs 
or  when  the  quantity  required  is  independent 

of  the  anticipated  workload  (such  as  overhead 
cranes  and  shop  fixtures).  (C) 
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TE 

XSYS 

CATRU 

Cl 

CII 

CIILR 

CILR 

CIV 

DBCMH 

DCOND 

DMC 

DMH 


-  Cost  of  peculiar  training  equipment  required 
for  the  system.  (C) 

-  System  identification.  The  assigned  tive- 
cnaracter  alphanumeric  Work  Unit  Code  of  the 
system.  (C) 


TRU  Variables* 

-  Number  of  TRUs  requiring  calibration.  (C) 

-  Factor  which  is  0  if  no  calibration  at  Class  I 

lab  is  required  or  1  if  calibration  at  Class  I 

lab  is  required.  (C) 

-  Factor  which  is  0  if  no  calibration  at  Class  II 

lab  is  required  or  1  if  calibration  at  Class  II 

lab  is  required.  (C) 

-  Labor  rate  at  a  Class  II  lab.  (C) 

-  Labor  rate  at  a  Class  I  lab.  (C) 

-  Factor  which  is  0  if  no  calibration  at  Class  IV 

lab  is  required  or  1  if  calibration  at  Class  IV 

lab  is  required.  (C) 

-  Average  manhours  ot  perform  a  shop  bench  check, 
screening,  and  fault  verification  on  a  removed 
TRU  prior  to  initiating  repair  action  or  con¬ 
demning  the  item.  (C) 

-  Fraction  of  TRUs  returned  to  the  depot  for 
repair  expected  to  result  in  condemnation  at 
depot  level.  (C) 

-  Average  cost  per  failure  for  a  TRU  repaired  at 
depot  level  for  stockage  and  repair  of  lower 
level  assemblies  expressed  as  a  fraction  of  the 
TRU  unit  cost  (UC) .  This  is  the  implicit  repair 
disposition  cost  for  a  TRU  representing  labor, 
material  consumption,  and  stockage/ replacement 
of  lower  indenture  reparable  components  within 
the  TRU  (e.g.,  shop  replaceable  units  or  modules). 
(C) 

-  Average  manhours  to  perform  intermodiate-level 
(base  shop)  maintenance  on  a  removed  TRU  includ¬ 
ing  fault  isolation,  repair,  and  verification. 

<C) 
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-  TRU  weight  in  pounds.  (C) 

-  TRU  identification.  The  assigned  five-character 
alphanumeric  Work  Unit  Code  of  the  TRU.  (C) 


Support  Equipment  Variables* 

-  Cost  per  unit  of  peculiar  support  equipment  for 
the  depot  shop,  (C) 

-  Annual  cost  to  operate  and  maintain  a  unit  of 
support  equipment  at  depot  level  expressed  as  a 
fraction  of  the  unit  cost  (CAD).  (C) 

-  Fraction  of  downtime  for  a  unit  of  support  equip¬ 
ment  for  maintenance  and  calibration  requirements. 
(C) 

-  Combined  utilization  rate  for  all  like  items  of 
support  equipment  at  depot  level.  (C) 

-  SE  identif ication — up  to  20  alphanumeric  charac¬ 
ters.  (C) 
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*70  3*0  COSTtXCt 

410  FtlXT  2002 

990  00  TO  333 

790  3*  3  Ft  2  XT :  "TOW  XAXT  TIBS  TO  91  2  XCL  39(9  2S  tAStCSC*" 

710  t(A9:2AXS 

720  P*2 XT  370 

7  30  3  79  FO  t.XAT  (  •9X."FtACT20X  Of  " I  *X .  "TtO"  .  1 2X.  "COST"  ,  l  *S . 

7.0*  "STlTt*  COST"//) 

730  PCTG-O. 

790  2t«0 
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4779  00  910  :T«I.X 

47io  insotTXTicdT.n  .ii.cass)  so  ro  iso 
4  7 to  u»u«i 

4100  PCT«SOtTlC<  IT.4)/STSHATdP.13> 

*410  pcts«pcts»pct 

*420  MIST  173.U.S01TXT10dT,l).S01TlBdT.4>.PCT 

•  no  j 7 5  roiMAmt.AU.ru.o.rii.2) 

.4.0  trUt.IQ.tABS)  SO  TO  Jl 5 

4450  540  COSTISUt 

.440  IPdl.IQ.  IASS)  SO  TO  545 

4470  MIBTl  "TIIJI  Alt  ALL  Tit  TtO  S  II  TITS  STITf*." 

.440  *.A*S-:i 

4  4t0  54  5  I?CTC»PC7C»100 

4400  PlIST  HO.IASS.IPCTS 

.tia  jto  roi«ATt/"cosT*i»cTios  or  top",ii."tics-".I3. 

4t:0i  "  Ml  CtST  or  TOTAL  IT  STtM  COIT.*) 

4 1 5 0  MIST  ItS.STSMATdP.  IS)/10««4 

.140  51  5  70  IS  AT  ( "STSTIH  COST  »  SILLIOB.") 

4150  SO  TO  150 

4140 

. . . . 

. 1 40C • • •  OOTPOT  OfTIOS  5  •••• 

. . . 

1)00  400  MIST  2004 

5010  405  1ZA0  2004, CASS 

5020  90  410  I3«l , I 

5030  ir(S01TZTlC<lS,l).St.CASS)  SO  TO  410 

5040  CO  TO  415 

5050  410  COSTISCt 

5040  MIST  2002 

5079  SO  TO  405 

3040  415  MIST  420 

3010  420  rotSAT</"tQCATtOt".7X.'#l".I2X.'42".12X."41".l2X.’»*") 

5100  MIST  .25,  (SOtT  19  (10,11)  ,11*1  ,4) 

3110  423  POMATdX, *714.0//) 

3129  MIST  430 

5  130  430  r011UTC«OOATIOB*.7X."43“.t2X.*M".l2X.*47",  22X,*44") 

51*0  MIST  *13.  (SOITICl  tO.JL) .  JL-5  .7)  .SOlTIOdU.  20) 

3130  413  rotNAT(7X.4ri4.0) 

3140  SO  TO  130 

3170 

S140C . . . 

3 1 IOC •••  OOTPOT  OPTIOS  4  •••• 

5 2 OOC •••••••••••••• •••••••••• 

3210  430  COSTISCt 

3229  MIST:"  COL  l  -  St  I0ISTI7ICATI0B" 

3230  MIST:*  COL  2  -  MACTIOSAL  St  10NT*lASt  (C0SP0TI9)” 

32*0  MIST:"  COL  1  -  TOTAL  St  tQHT-lASt  ( ISTtCtllZtO )  * 

3230  MIST:"  COL  *  *  MACTIOSAL  St  »QHT*9tPO?  (CONPOTIO  " 

3  240  MIST:"  COL  3  -  TOTAL  St  1QST*OIPOT  dSTICtldtO  " 

3270  MIST  *40 

32SO  440  70t*AT(/4X."l", 1 IX . " 2" . IX . ' 1 " . I 2X. "*" , IX . "3 " / /) 

3210  00  440  3K*1 , Jl 

3300  MIST  4 70, XS tCOM(  JK)  ,  ( S ICOH ( JK,  Jl)  ,01*2,3) 
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ii9  4to  foxmaT(;x.a20.fs.2.f9.o.fi*.2.f9.o) 

)  20  *ao  costixci 
333  CO  10  130 

340 

3J0C  . . . . 

j4oc  ..........  octfot  oftjox  r  ••••••••• 

370C  . . 

313  300  FXIXT  310 

3»0  510  FOX39Ar(29X.*TtCS"//*X."SUC",  7X."5«0!1IAJI“.JX.  ,X30".  3X. 

4004  "AV",llX."STX".SX."DF:F£".4X."T0TC0ND"//> 

4io  oo  3)0  xc-i 

4)0  FXIXT  3 23 ,  XT XO  (MO  ,  1 ) .  (TIB NAT  (NO  , KX )  ,  XX»  14,14) 

4)0  320  rouuT(U.A).2ri2>2.ri2.4.)ri2.0) 

440  3)0  coxtixcx 

430  MINT  3*0. AVI 

4*0  )40  ro»MArax//i«x,"STSTtM  ATAiLAK'-irr’.f).)) 

470  CO  TO  130 


34I0C . . . 

. .  OOTFUT  37TI0I  I  . . 

. . . . . 

3  3  10  3  30  7  XI  XT  3*0 

3  3  20  3*0  FOXNATl  )1X.*F£AI"  .2SX.“TOTAL"/20X."F£aC".3X."OFF-EQ<J:F".  10X. 

3  3  30*  "TOTAL*.  3  X  .  *0  FF-XOCIF"  /  7X  .  "VUC".  I  OX.  "CIX S " . 7X . "C EX S" .  UI.'CIJS"  , 

3340*  3X.*CEXi“//) 

5)30  DO  370  NV-l .1 

33*0  FXIXT  3*3.XT»0(«»,  l) . 'TXOMAT(MT.MT)  .«•*.  12) 

3  )  73  5*  5  rotMAT(tx.A3.*x.ri.;.ui.2.ni.:.n:.2) 

3330  370  COXTtXCX 

3390  CO  TO  1)0 

3*00 

3413C . * . . . .4444.44.4. 

3420C •••••••  OOTFOT  OFTIOX  9  . . . 

3*  . . . . . . 

2**0  *00  Ft  I  XT  *10 

5*30  *19  rO£MAT(/)X."UOC".7X,"XOCX"  /) 

3**0  00  *23  32-1,1 

3*70  FIIXT  *:O.XTtO(JT.:>.T*OXOOX(J2> 

3*40  *20  FO 1MAT (2X.a3,3X.a*0) 

3*90  *23  COXTIXO£ 

3700  CO  TO  130 

3713 

3720  2902  foxxat < " infiof ex  :o£xtif:cat:ox--xettf£" ) 

37)0  290)  FOXHATUl) 

3740  200*  FOXNAT(A)) 

37)0  200*  FOXNaT("ST37XM  I0£XTI F 1C AT I0X - " ) 

3  7*0  2003  FO  XXAT ( "TXC  10 £XT I F IC At IOX * " ) 

3  770 

37*0  *30  3TOF 


790  £X0 

300 

3  IOC  4444  4  4  444  4  4  4444  4  4 . 4  44.44 . 4 . 4 

)20C*444444.4  FTXCTXOX  TO  ZXTEGEIX 2E  XOCXOIXC  JF 

3  )0C  *44  4  44  44  44444  4  4. 444  . * . 

3*0  FUXCTIOX  C £! L ( X ) 
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3130 

T-AINTIE) 

3110 

Z-E-T 

5123 

:r(Z)..i 

3110 

CIIL-l 

3110 

ItTUIN 

3100 

;  CEIL-T»t. 

3110 

1  ETC  IN 

3120 

END 

3 1 30C • " 

si*o  suhoot  nt  soiTLiA.MiEc.swrt.tiT.NODi.NtiT. id.ip.line .chat.iccol.icindi 

. . . . . . . . 

31I0C  A  CtltlAL  ruirost  soitinc  sshoutini  using  link  adsiessing 


3HOC:a 
3 1 IOC : 

3 HOC  : 

IOOOC :NHC 
IOIOC: 

IOIOC :NWPI 
40J0C: 

I040C : KIT 
I030C i 
IOIOC : 

IOTOC  :MODl 
IOIOC: 

IOIOC : 
HOOCl 
It  IOC: 

ti:oc: 

I l JOC ! 

I  HOC  :NKIT 
ItlOC: 

I l IOC : 10 

line: 

tnociir 

HIOC: 

♦200C: 

I  2 l OC : 

1 2  20C : L INK 

I2J0C: 

I2*0C: 

I230C:CMaT 

I2I0C: 

I220C: 

I2I0C: 2CC0L 

I2I0C: 

I300C: 

i3toc:iciM3 

I320C: 

I  3 JOC: 


aiaat  or  iize  me  it  nwpi  wkosi  tows  compiise 
THZ  DATA  1ZC013S  TO  It  'OITtD 

3:1x1  or  itcoias-NUMiti  or  tows  or  a 

lONiit  or  woids/iecoid-numiii  or  columns  or  a 

aiiat  or  s  ::z  hit  .nest  elements  Ait  poimtees  to 

TNI  COLUMNS  Or  A  CONTAINING  TKt  SOIT  CITS 

ah  at  or  uze  nut  wnoii  iiuinti  otriNt  the 

3I0I1INC  1 E'.  ATI  ON  r'.ACID  ON  CACN  KIT 
•  2  I NCltAl I NC .UNSIGNED  019  11 
-l  INCltASINC .SIGNE9  OlStl 
.1  OtClEASINC.ONSIGNEO  01SE1 
•2  OtCltASINC  .  SIGNE3  OlOtl 

NOHItl  Of  EtTS.SIZI  or  AllATS  (IT  ANO  loot 

rtlST  OIXENSION  or  A  IN  THt  PIOGIAK  CALLING  IN IT 

ir  :r«o  t«*  itcoiss  iemaxn  in  thii  oiiginal  location. 
oritivilt.  TII  ItCOlOS  Alt  xovto  INTO  TNI  0ESI1E0 
01011  rOLLOWING  Tit  SOIT 

OUTPUT  A 11  AT  or  SIZE  Nile  WHOSE  ELEMENTS  Alt 
rOINTtlS  TO  TNI  ItCOlOS  IN  A  IN  SOITtO  SEQCENCI 

ClAlACTIl  AllAT  or  SIZt  NltC  IT  ICCOL  .lost  lows 
Alt  MOVED  IN  CONJUNCTION  WJ T!  TIE  10US  Or  AllAT  A 

NCXltl  or  COLUMNS  0 P  ClAlACTIl  VALUtS  IN  AllAT  CMAT ; 
EACH  VALUE  IAS  3  ClAlACTtlS 

"TLAC"  VALUE  roi  SORTING  I  MAT  i 

•0  OO  NOT  OPtlATt  ON  CMAT 

MOT-0  lEAllANGE  Tit  VALUES  IN  CMAT 


13*0  OIMtNSION  A< I0.NWP1) .KET(NKET) .MODtlNKET) .LINK'NIEC) 

1350  INTEGtl  A . T IMP ( 1 00 ) 


1310  ClAlACTE!  CTIMP*5(20) 

1320  ClAlACTIl  CMAT«S( 13. ICCOLI 

1310  LOGICAL  tgv.p.O 
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6)40  IQT<r.Q)  •  (r.ARD.O)  "0*.  ( .*01.  (».0t.Q)  ) 

6*00  SlOW-XtIC 

6*10  *C0L»*V?t 

6*20C 

6* )oc  :»i?xAtr*»  '.mss 
6440C 

64)0  30  10  X«1.*10V 

6*60  io  unci*: 

6*70  :r  istow.xq.n  tx?ut« 

4.10C 

6*40C  row  XXXTlAL  IICIIXIIT 
6  S00C 

6)10  Hl«<XI0W*))/4 

6)20  H»l 

6 ) )0  20  H-:«N 

6)40  If  (M.LT.Ml)  SO  TO  20 

6  )  )0  «-!»-  I 

6  )60C 

6 )  70C  IIC’.*  XtXT  SOI?  PASS 
6SI0C 

6)40  )0  Hl»H*l 

6600  30  100  2-K1.IKOW 

66  1  0  LJ-LXMUJ) 

4620  S-J-n 

66  )0C 

66*00  CO  HP  All  KIT)  :*  IIC0I3)  '.2*1(1)  **0  L2K(J) 

6  6)00 

46*0  *0  l:«l:«(x> 

4470  30  )0  L-l.SKIT 

6660  K-KIT(L) 

6440  ix-ac.i.x) 

6700  KJ-AflJ.I) 

6710  :r  (XO'MCI.t.T-O.tJ.CI.O))  SO  TO  60 

6720  IT  (CX.RX.KJ)  SO  TO  70 

67)0  SO  COHTtSOK 

6740  40  :r<XQ*(K:.LT.O.KJ.SX.O) )COTO  40 

67)0  SO  TO  10 

4760  70  IT  (X0*(CI.L?.KJ,HODia.>  .’.T.O)  )  SO  TO  40 

4770C 

47XOC  It  CO  IDS  Line:).  IISK(J)  OUT  or  0I0IX 
6  740C 

4too  io  :x  •  :-h 

4110  Lt*t(I2)»L2*XlX) 

4120  X»7-H 

41)0  IT  (X.ST.O)  so  TO  40 

61*00 

6 1)00  1XC0K3S  Lino.  Lino)  ALIIADT  X*  310  It 
41400 

4170  60  IX  -  X-H 

4110  LISt<tX)-LJ 

4140  100  CONTXHOI 

4  4000 

46tOC  1*0  or  SOI?  PASS 
4420C 
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4630  IF  (K.GT.tJ)  X-S/2 

46*0  S-H/2 

6*S0  17  (M.XI.O)  SO  TO  JO 

6660C 

6670C  1X3  or  SOtT,  TEST  UDICI  OfTlOS 
6M0C 

*»»o  :r  cir.tq.O)  iitcix 

7C00C 

7010C  IIAIIAX'-.I  IKOIJJ  IX  A  ACCORD  ISC  TO  List 
7020C 

7030  DO  130  l«l,SIO« 

7040  ir  (LlXK(t).(Q.t)  SO  TO  130 

7030  DO  110  C-l,XCOt 

7060  Tlxr(I)»A(t.I) 

7070  110  COXTIXOI 

7060  irUCtXO.IQ.O)  SO  TO  117 

7060  DO  sis  ms>i,:ccoi 

7100  CTIH7  11113)  »C  !UT(1, 1113) 

7110  113  COXTISOI 

7120  117  COXTISOI 

7130  J»I 

7 1 40C 

7130C  ItSIS  CTCLI 
7  l  DOC 

7  1  70  120  LJ-LISIU) 

7160  DO  130  I»1  .SCOL 

7160  1J0  A(J.I)  •A(U.I) 

7200  iraciso.tq.O)  so  to  137 

7210  DO  133  It JJ-l.ICCOL 

7220  CSAKJ.Il  JJl»C!UT(LJ.ti33) 

7230  133  COSTISUI 

7240  137  COXTISOI 

7  230  IISKJJ.J 

7260 

7270  If  (LIXK(J).XI.I)  00  TO  120 

7260C 

7  HOC  ISO  or  CTCH 
7  300C 

7310  DO  140  (•!  ,XCOL 

7320  140  A(J.C)  •TIMId) 

7330  tr(tCIXD.IO.O)  SO  TO  1*7 

73*0  DO  1*3  II* 3*  l  ,  I CCO  L 

7 3 30  CHAT { J,  1 1  *3  )«CTIHr  (11*3) 

7360  1*3  COXTISOI 

7370  1*7  COXTISOI 

7  360  itmiJW 

7 360  ISO  COXTISOI 
7*00  IITOIX 

7*10  ISO 
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<0 

4J 
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.•i' .  .  :  . 


1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
1 100 
1  1 10 
1120 
1130 
1140 
1150 
1  160 
1  170 
1  180 
1  190 
1200 
1210 
1220 
1230 
1240 
1  250 
1260 
1270 
1280 
1  290 
1300 
1310 
1320 
l  330 
l  340 
l  350 
1360 
1  370 
1380 
1390 
1400 
1410 
1420 
1430 
1440 


40000  20000  10  9  .3  3  2  .9 

.4  .5  57  127  .72  1.5  .14  .15 

200  8.4  .08  .24  .23  .16  1728  1728  .25 

FAA00  COMPUTER  TEST  STA  GSM231 

10000  20000  5000  35 

100  200  5  120  10000  10000  6000 

16  30  8  168  1.4  1.9 
90  20  16  1 

FAAAO  PANEL  POWER  01ST 
7  1800  800  .6  .05  .1 
1  1  2  2  2  10  0  .5  1 
GOOOOOOOOOO 
TESTSET1  5000  .1  .2  .1 
FAABO  MAINTENANCE  TEST  PACK 
1  2000  1000  .9  .02  .1 

1  1  2  2  2  5  0  .5  0 

120  20  30  16  20  0  1  0  8  0  1 
FAACO  PANEL  LRU 

2  800  700  .2  .1  .2 
1  1  2  2  2  2  0  .5  l 

90  10  30  16  5  0  1  0  5  0  1 
TESTSET l  5000  .1  .2  .1 
FAAEO  CARD  FILE  AUX  B 
12  1000  500  .05  .1  .2 
l  1  2  2  2  2  0  .5  1 
90  10  30  16  5  0  1  0  5  0  l 
TESTSET l  5000  .1  .2  .1 
FAACO  CONVERTER  ASST  TRANS 
16  1200  600  .2  .1  .1 

1  1  2  2  2  2  0  .5  1 

180  10  30  16  10  0  1  0  5  0  l 
TESTS  ET2  10000  .  1  .2  .1 
FAAJO  CARDFILE  AUX  A 

2  2500  800  .2  .1  .1 
1  1  2  2  2  2  0  .5  1 

90  10  30  16  5  0  1  0  5  0  1 
TESTSET1  5000  .1  .2  .1 
FAALO  GENERATOR  SIGNAL  WAVE 

17  900  550  .2  .1  .1 
1  l  2  2  2  2  0  .5  1 

90  10  30  16  5  0  1  0  5  0  1 
TESTSET 1  5000  .1  .2  .1 
FAAPO  CONVERTER  SIGNAL 
10  900  650  .1  .05  .1 
1  1  2  2  2  2  0  .5  1 
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1450  90  10  30  16  5  0  1  0  5  0  1 
; 460  TESTSETt  5000  .1  .2  .1 
1470  FAARO  GENERATOR  PRESSURE 
1  480  14  500  400  .1  .05  .1 
1490  1  1  2  2  2  2  0  .5  1 
1500  00000000000 
i 5 l 0  TESTSET3  10000  .1  .2  .1 
1520  FAAUO  PRESSURE  SUPPLY 
1530  5  200  500  .1  .05  .1 

1540  1  1  2  2  2  2  0  .5  1 

1550  00000000000 
1560  TESTSET3  10000  .1  .2  .1 
1570  FAAWO  IMPEDENCE  UNIT 
1580  17  800  400  .1  .05  .1 
1 590  1  1  2  2  2  2  0  . 5  1 
1600  90  10  30  16  5  0  1  0  5  0  1 
1610  TESTSET1  5000  .1  .2  .1 
1620  FAAYO  PANEL  AUX  DICITAL 
1630  17  600  550  .1  .05  .1 
1640  1  1  2  2  2  2  0  .5  1 

1650  120  10  30  16  5  0  1  0  5  0  1 

1660  TESTSET l  5000  .1  .2  .1 
1670  FAA20  POWER  SUPPLY  PRE 
1680  6  400  8  SO  .1  .05  .1 

1690  1  l  2  2  2  2  0  .5  1 

1700  180  10  30  16  5  0  1  0  5  0  1 
1710  TESTSET2  1000C  .1  .2  .1 
1  7  20  F  AA  5  0  POWER  SUPPLY  ASSY 
l 730  6  350  900  .1  .05  .1 
1740  1122220.51 
1750  00000000000 
1 760  TESTSET2  10000  .1  .2  .1 
1  7  70  F  AA  7  0  SYNCHRO  UNIT 
1  780  8  700  600  .  1  .05  .1 

1790  1  1  2  2  2  2  0  .5  0 

1800  120  10  30  16  5  0  1  0  5  0  1 
1810  FABO  PANEL  CONTROL 
1820  41  1000  1100  .1  .05  1 
1830  1122220.51 
1840  180  10  30  16  5  0  l  0  5  0  1 
1850  TESTSET l  5000  .1  .2  .1 
1860  FAB JO  PRINTER 
1870  9  500  600  .1  .05  l 
1880  1  1  2  2  2  2  0  .5  1 


149 


■UUMK 


1890  120  10  30  16  5  0  1  0  5  0  l 
1900  TESTSET1  500C  .1  .2  .1 
1910  FABKO  MULTIMETER  DIGITAL 
1920  14  800  1000  .1  .05  1 
1930  1  1  2  2  2  2  0  .5  1 

1940  180  10  30  16  5  0  1  0  5  0  1 

1950  TESTSETi  5000  .1  .2  .1 
1960  FABMO  OSCILLOSCOPE 
1970  13  400  1000  .1  .05  .1 
1980  1  1  2  2  2  2  0  .5  0 

1990  180  10  30  16  5  0  1  0  5  0  1 

2000  FABRO  READER  PUNCH  TAPE 
2010  10  800  400  .1  .05  .1 
2020  1  1  2  2  2  2  0  .5  1 
2030  00000000000 
2040  TESTSETI  5000  .1  .2  .1 
2050  FABTO  ANALYZER  SAMPLING 
2060  U  1200  500  .1  .05  .1 
2070  1122220.51 
2080  180  10  30  16  5  0  1  0  5  0  1 
2090  TESTSETI  5000  .1  .2  .1 
2100  FABZO  COUPLER  DATA 
2110  12  300  100  .1  .05  .1 
2120  l  1  2  2  2  2  0  .5  1 
2130  120  10  30  16  5  0  1  0  5  0  1 
2140  TESTSETI  5000  .1  .2  .1 
2150  FAB30  POUR  SUPPLY  ASSY 
2 160  9  800  1100  .1  .05  .1 
2170  1122220.31 
2180  00000000000 
2190  TESTSETI  5000  .1  .2  .1 
2200  FAB50  TRANSFORMER  POWER 
2210  5  300  1100  .1  .05  .1 
2220  1  1  2  2  2  2  0  .5  1 
2230  00000000000 
2240  TESTSET2  10000  .1  .2  .1 
2250  FAB70  COUNTER  DIGITAL 
2260  14  500  900  .1  .05  .1 
2270  1  1  2  2  2  2  0  .5  1 
2280  180  10  30  16  5  0  1  0  5  0  1 
2290  TESTSETI  5000  .1  .05  .1 
2300  FACDO  SWITCHING  COMPLEX 
2310  60  500  1500  .1  .05  .1 
2320  1122220.51 
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2330  180  10  30  16  5  0  1  0  5  0  l 
2340  TESTSET4  20000  .1  .05  .1 
2350  FACKO  ADAPTER 
2360  1  1500  1200  .1  .05  .1 
2370  1  1  2  2  2  2  0  .5  1 
2380  00000000000 
2390  TESTSET4  20000  .1  .05  .1 
2400  FACPO  SCOSBY  TABLE 
2410  3  2000  1500  .1  .05  .1 
2420  1  1  2  2  2  2  0  .5  0 
2430  00000000000 
2440  FACRO  RATE  OF  TURN  SYSTEM 
2450  1  1600  1200  .1  .05  .1 
2460  1122220.51 
2470  120  10  30  16  5  0  1  0  5  0  1 
2480  TESTSET1  5000  .1  .05  .1 
2490  FAC40  TIME  BASE  DUAL 
2500  1  600  1500  .1  .05  .1 
2510  1  1  2  2  2  2  0  .5  1 

2520  120  10  30  16  5  0  1  0  5  0  1 

2  5  30  TESTS ET l  5000  .  1  .05  .1 
2540  FACTO  AMP  DUAL  TRACE 
2550  4  1000  1200  .1  .05  .1 
2560  1  l  2  2  2  2  0  .5  1 

2570  120  10  30  16  5  0  1  0  5  0  1 

2580  TESTSET 1  5000  .1  .05  .1 
2590  F  AD  BO  EXT  CONTROL  PANEL 
2600  9  3000  800  .1  .05  .1 
2610  1  1  2  2  2  2  0  .5  1 

2620  120  10  30  16  5  0  l  0  5  0  1 

2630  TESTSET1  5000  .1  .05  .1 
2640  FADDO  SAMPLINC  HEAD 
2650  3  400  1200  .1  .05  .1 
2660  1  l  2  2  2  2  0  .5  1 

2670  120  10  30  16  5  0  1  0  5  0  1 

2680  TESTSETl  5000  .1  .05  .1 
2690  PADKO  BATT  TEST  SET 
2700  3  400  2000  .1  .05  .1 
2710  1  1  2  2  2  2  0  .5  0 
2720  00000000000 
2730  FAEAO  MASS  STORACE  UNIT 
2740  l  2000  500  .1  .05  .1 
2750  l  1  2  2  2  2  0  .5  t 
2760  00000000000 
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2  7  70  TESTSET 1  5000  .  1  .05  .1 

2780  FAM00  DISPLAYS  TEST  STATION 

2790  10000  20000  5000  2 

2800  100  200  5  <20  10000  10000  6000 

2810  16  30  8  168  1.4  1.9 

2820  9C  20  16  1 

2830  FAMAO  PANEL  POWER  DISTRIB 

2840  7  1800  800  .6  .05  .1 

2850  1122220.51 

2860  00000000000 

2870  TESTSET 1  5000  .1  .2  .1 

2880  FAMCO  GENERATOR  PULSE 

2890  1  2000  1000  .9  .02  .1 

2900  1  l  2  2  2  2  0  .5  0 

2910  1  20  20  30  16  20  0  1  0  8  0  1 

2920  FAYOO  MICROWAVE  TEST  STATION 

2930  5000  20000  5000  1 

2940  100  200  5  120  10000  6000  6000 

2950  16  30  6  168  1.4  1.9 

2960  120  20  16  1 

2970  F  AY  BO  MAINT  TEST  PACK. 

2980  1  2000  1500  .6  .05  .1 

2990  1122220.51 

3000  1  20  20  30  16  30  0  1  0  8  0  1 

3010  TESTSET4  20000  .1  .05  .1 
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